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the effect of a cochlear pathology on the
DIFFERENCE LIMEN FOR DURATION 
CHAPTER I  
INTRODUCTION
The study o f  d i f f e r e n t i a l  s e n s i t iv i ty  in  th e  normal ea r  has bee 
o f im portance to  th o se  in te re s te d  in  psychoacoustics f o r  many y e a r s .  
Boring (1) re p o r ts  th a t  th e  d i f f e r e n t i a l  th re sh o ld  f o r  p i tc h  was f i r s t  
determ ined in  1700 by Saveur, fo r  in te n s i ty  in  1856 by Rens and W olf, ai 
f o r  d u ra tio n  p r io r  to  1865 by Mach,
In  th e  in te rv e n in g  y ears  a la rg e  number o f  in v e s t ig a to r s  have 
lab o red  to  extend th e  work o f  th e se  e a r ly  p io n ee rs . These workers have 
been from se v e ra l academic and p ro fe s s io n a l d is c ip l in e s  and have been 
known by many t i t l e s ,  bu t a l l  have in  common an in te r e s t  i n  human aud i­
to r y  b eh av io r. They have employed a  g re a t v a r ie ty  o f  ap p ara tu s from the 
v ib ra t in g  s t r in g s ,  tu n in g  fo rk s , id i i s t l e s , w atches, f a l l in g  pendulums ar 
le ad  b a l l s ,  hammers and a n v i ls ,  and metronomes o f  th e  pre-vacuum tube  ei 
to  th e  e le c tro n ic  o s c i l l a t o r s ,  sw itch es , t im e rs , m icrophones, earphones, 
and v o ltm e te rs  o f  th e  modern psychoacoustic  la b o ra to ry . Due to  th e  
e f f o r t s  o f  th e se  w orkers i t  may now be sa id  th a t  a g re a t d e a l i s  known 
about th e  a b i l i t y  o f  th e  normal e a r  to  d e te c t  sm all changes in  th e  in te r  
s i t y ,  frequency , and d u ra tio n  o f  pure tone s t im u li .
I t  has been in  com paratively  re c e n t tim es , however, th a t  the  di
2f e r e n t l a l  s e n s i t iv i ty  o f  th e  p a th o lo g ic  e a r  has been sy s te m a tic a lly  in ­
v e s t ig a te d .  The even t which p re c ip i ta te d  s tudy  o f  th e se  a b i l i t i e s  o f  the  
p a th o lo g ic  e a r  was th e  p u b lic a tio n  in  1928 o f  an a r t i c l e  by Fowler con­
cern in g  a  phenomenon which he c a l le d  "recru itm en t o f  lo u d n ess" .
Fowler ( ih )  d esc rib ed  th e  r e s u l t s  o f  an experim ent conducted w ith  
a p a t ie n t  w ith  one normal e a r ,  th e  o th e r  e x h ib itin g  a 40 dB lo s s  sh arp ly  
lo c a l iz e d  a t  4096 cp s . He re q u ired  th e  p a t ie n t  to  equate  th e  loudness o f  
a tone  heard a l t e r n a te ly  in  each e a r  and noted  th a t  a t  high sen sa tio n  
le v e l s  th e  40 dB d if fe re n c e  between e a rs  a t  4096 cps d isap p eared . That 
i s ,  when th e  tones were q u ite  lo u d , to n es  o f  equal in te n s i ty  were eq u a lly  
loud  d e sp ite  a  d iscrep an cy  in  th re sh o ld  le v e ls  fo r  th e  two e a r .  Fowler 
d e fin ed  rec ru itm en t as  * . . . a n  abnormal a c c e le ra tio n  in  th e  sen sa tio n  
o f loudness w ith  a r e l a t iv e ly  sm all in c re a se  in  in te n s i ty ."
I t  was no ted  th a t  th e  rec ru itm en t phenomenon e x is te d  on ly  in  
hearing  lo s s  o f  s en so rin e u ra l o r ig in .  Thus, F o w ler's  t e s t ,  o r  A lte rn a te  
B in au ra l Loudness Balance (ABLB), was added to  th e  o to lo g i s t 's  armamen­
ta riu m  as  an a d d itio n a l means o f  d i f f e r e n t ia t in g  conductive and se n so r i­
n e u ra l lo s s e s .
The a p p lic a tio n  o f  th e  ABLB i s  l im ite d  to  th ose  p a t ie n ts  in  whom 
a s u b s ta n t ia l  d if fe re n c e  between e a rs  e x i s t s .  Reger (48) proposed a 
techn ique which allow s th e  m onaural assessm ent o f  rec ru itm en t in  cases in  
which e i th e r  th e  th re sh o ld s  a re  too s im ila r  o r  th e  lo s s  in  one e a r  i s  too 
sev ere  to  perm it th e  use  o f  th e  ABLB. The s u b je c t i s  re q u ired  to  d e te r ­
mine th e  in te n s i ty  le v e l  a t  which a  tone o f  one frequency i s  equal in  
loudness to  a tone o f  an o th er frequency , both o f  which a re  p resen ted  
a l t e r n a t e ly  to  th e  same e a r .  The techn ique re q u ire s  th a t  th e re  be a sub­
s t a n t i a l  d if fe re n c e  in  th re sh o ld  a t  th e  two freq u e n c ie s . This t e s t  i s
3o fte n  re fe r re d  to  as th e  A lte rn a te  Monaural B ifrequency Loudness Balance 
(AMBLB).
Employing th e  ABLB, D ix, H a llp ik e , and Hood (9 ) , in  1948, demon­
s t r a te d  t h a t  p a t ie n ts  known to  have tumors a f fe c t in g  th e  V l l l th  nerve d is ­
p layed e i th e r  an absence o f  rec ru itm en t o r incom plete rec ru itm en t ( le s s  
i n te n s i ty  in  th e  u n a ffec ted  e a r  a t  equal loudness) w hile  p a t ie n ts  w ith 
M eniere 's  d ise a se  m anifested  e i th e r  complete o r  over re c ru itm e n t. Com­
p le te  rec ru itm en t means t h a t  equal in te n s i ty  i s  p re se n t in  th e  two ea rs  a t  
equal loudness w hile  over re c ru itm e n t means th a t  more in te n s i ty  i s  r e ­
q u ired  by th e  u n a ffec ted  e a r  to  a t t a in  equal lo u d n ess . S ince M en iere 's  
d ise a se  i s  known to  be a d ise a se  o f  th e  coch lea , th e  im p lica tio n  was th a t  
re c ru itm en t i s  a coch lear phenomenon. H allp ike  and Hood (15)» in  a sub­
sequent in v e s t ig a t io n ,  a ttem pted  to  account fo r  th e  presence o f incom plete 
re c ru itm e n t in  th e  V l l l th  nerve oases by p o in tin g  o u t th a t  th e  coch lear 
blood supply  may have been in te r ru p te d  w ith  r e s u l ta n t  damage to  th e  h a ir  
c e l l s  and o th e r  co ch lea r s t r u c tu r e s .  The c l in i c a l  d e te c tio n  o f  th o se  
p a t ie n ts  w ith  rec ru itm en t th u s  took on a d d itio n a l s ig n if ic a n c e .
I t  has been found by some w orkers th a t  th e  techn iques o f  loudness 
b a lan ce , b in a u ra l o r m onaural, a re  n o t a p p lic ab le  to  many c l i n i c a l  p a t­
i e n t s ,  e i th e r  because th e  hearin g  lo s s e s s  a re  such th a t  th e  tech n iq u es  a re  
no t f e a s ib le ,  o r  because th e  judgment o f  equal loudness i s  too  d i f f i c u l t  
f o r  th e  p a t ie n t  to  make. As a r e s u l t ,  o th e r  techn iques have been pro­
posed to  measure in d i r e c t ly  th e  rec ru itm en t phenomenon^. The most w idely  
a p p lied  techn ique  has been th e  measurement o f  th e  d if fe re n c e  lim en fo r  
in t e n s i ty .
^One o f  th e  most ex ten s iv e  review s o f  th ese  techn iques i s  H a rr is , 
J .  D ., "An H is to r ic a l  and C r i t i c a l  Review o f  Loudness R ecru itm ent". MRL 
No. 200, XI, No. 17, 1952.
4S h o rtly  fo llo w in g , and p a r t i a l l y  because o f ,  th e  p u b lic a tio n  o f 
r e p o r ts  o f  th e  d e term ina tion  o f  th e  d if fe re n c e  lim en fo r  in te n s i ty  (DLI) 
in  p a th o lo g ic a l s u b je c ts ,  i n t e r e s t  in  the  d if fe re n c e  lim en fo r  frequency 
(DLF) was a roused , a lth o u g h , as  we s h a l l  see in  a subsequent s e c t io n , the  
r e p o r t  o f  th e  DLF fo r  abnormal su b je c ts  preceded th a t  o f  th e  DLI by many 
y e a r s .  A search  o f  th e  l i t e r a t u r e  in d ic a te d  th a t  an in v e s t ig a tio n  o f th e  
d if fe re n c e  lim en o f  d u ra tio n  (DLD) in  im paired s u b je c ts  has n o t been r e ­
p o r te d . The p re se n t study  measured th e  DID in  su b je c ts  w ith  one type o f  
h ea rin g  im pairm ent.
The n ex t ch ap te r co n ta in s  a review  o f  the  l i t e r a t u r e  concerning 
th e  s e n s i t i v i t y  o f  th e  normal su b je c t to  d if fe re n c e s  between th e  d u ra tio n s  
o f  su ccess iv e  tones and th e  d i f f e r e n t i a l  s e n s i t iv i ty  o f  p a th o lo g ic a l sub­
je c t s  to  changes in  in te n s i ty  and freqpiency. The in v e s t ig a tio n s  concern­
in g  th e  e f f e c t s  o f  d u ra tio n  on th e  loudness and p i tc h  o f pure tones in  no r­
mal and p a th o lo g ic a l s u b je c ts  a re  a ls o  review ed. The l i t e r a t u r e  in d ic a te s  
t h a t  th e  su b je c t w ith  co ch lea r pathology behaves in  a c h a r a c te r i s t i c a l ly  
abnormal manner to  t e s t s  o f  d i f f e r e n t i a l  s e n s i t iv i ty  o f  in te n s i ty  and f r e ­
quency. Furtherm ore, an a l te r e d  re la t io n s h ip  between d u ra tio n  and th e  psy­
ch o lo g ica l a t t r i b u t e  o f  in te n s i ty ,  lo u d n ess , i s  m an ifested  by th e  su b je c t 
w ith  co ch lea r pa tho logy . The purpose o f  th e  p re se n t in v e s t ig a t io n  was to  
determ ine i f  th e  DLD in  su b je c ts  w ith  co ch lea r pathology i s  a lso  abnormal.
In  g e n e ra l, th e  p re se n t s tudy  determ ined th e  DLD a t  two frequen­
c ie s  and two sen sa tio n  le v e l s  under sev e ra l d u ra tio n s  o f  th e  re fe re n ce  
to n e . The su b je c ts  employed a l l  had h earin g  lo s s e s  due to  a co ch lea r 
p a th o lo g y . The s p e c if ic a t io n  o f  th e  param eters o f  th e  experim ental tones 
and d e s c r ip t io n  o f  th e  s u b je c ts ,  ap p a ra tu s , and p rocedures, a re  p resen ted  
in  a  l a t e r  c h ap te r .
CHAPTER I I  
REVIEW OF THE LITERATURE 
In tro d u c tio n
In  th e  p rev ious c h ap te r , m ention was made o f  th e  f a c t  t h a t  
p a t ie n ts  w ith  a c o u s tic  trauma and M eniere 's  d is e a s e , bo th  o f  which r e s u l t  
in  pathology to  th e  co ch lea , m an ife st loudness re c ru itm e n t when te s te d  by 
e i th e r  th e  b in a u ra l o r  monaural loudness balance t e s t .
In  th e  fo llow ing  s e c tio n s , s tu d ie s  w i l l  be review ed which in d i­
ca te  th a t  p a t ie n ts  w ith  co ch lea r pathology a re  more s e n s i t iv e  to  sm all 
in te n s i ty  changes and l e s s  s e n s i t iv e  to  sm all frequency  changes than  sub­
je c t s  w ith  normal h e a r in g . An a l te r e d  r e la t io n s h ip  between th e  d u ra tio n  
and th e  perceived  loudness o f  pure to nes has a lso  been id e n t i f ie d  and 
w i l l  be d iscu ssed . In  a d d it io n , th e  l i t e r a t u r e  concerning th e  s e n s i t iv ­
i t y  o f  th e  normal e a r  to  sm all d if fe re n c e s  in  th e  d u ra tio n  o f  successiv e  
to nes w i l l  be review ed.
There have been n e a r ly  as  many techn iques fo r  m easuring th e  d i f ­
fe ren ce  lim en (DL) a s  th e re  have been in v e s t ig a to r s .  G enera lly , th e  
tech n iq u es  f a l l  in to  one o f  two c la s s i f ic a t io n s :  continuous o r  d iscon ­
tin u o u s  methods o f  stim u lus p re s e n ta t io n . In  th e  form er, a  tone  i s  
in tro d u ced  and rem ains on f o r  an in d e f in i te  le n g th  o f  tim e . W hile th e  
tone i s  on, i t  i s  modulated in  e i th e r  in te n s i ty  o r  frequency , depending 
on th e  param eter which i s  being in v e s t ig a te d . These m odulations v a ry .
6e i th e r  co n tinuously  o r  a b ru p tly , between two extrem es w ith  th e  s tan d ard  
i n te n s i ty  o r  frequency in  th e  c e n te r . The su b je c t recogn izes th e  modu­
la te d  stim u lus as a  "warble to n e ” . The su b je c t i s  req u ired  to  s ig n a l 
when he i s  ab le  to  hear th e  "w arb le". The minimum amount o f  m odulation 
th e  s u b je c t  can d e te c t  c o n s is te n tly  (u su a lly  f i f t y  p e r  cen t o f  th e  tim e) 
i s  d e fin ed  a s  th e  d if fe re n c e  lim en . In  th e  d isco n tin u o u s method a r e f ­
erence to n e  i s  p resen ted  f o r  a predeterm ined p e rio d  o f  tim e . The tone 
i s  fo llow ed by a  s i l e n t  in te r v a l  o f  a  s p e c if ie d  d u ra tio n . The examiner 
then  p re se n ts  a  comparison tone which i s  id e n t ic a l  to  th e  re fe re n c e  tone 
in  a l l  re s p e c ts  excep t th e  param eter under in v e s t ig a t io n .  The sequence 
o f  re fe re n c e  to n e , s i l e n t  in t e r v a l ,  and comparison tone  i s  rep ea ted  w ith  
changes in  the  d if fe re n c e  between to n es  u n t i l  th e  minimum param eter 
change th a t  i s  p e rc e p tib le  i s  o b ta in ed ,
H irsh , F a lv a , and Goodman (25) p o in t o u t t h a t ,  in  r e a l i t y ,  
th e re  a re  many techn iques f o r  m easuring th e  DL, Not on ly  do th e  psycho­
p h y s ic a l procedures d i f f e r ,  b u t th e  p a t te rn s  o f  m odulation in  th e  con­
tin u o u s  method and th e  tim e r e la t io n s  between tones in  th e  d iscon tinuous 
methods d i f f e r  from study  to  s tu d y . These d if fe re n c e s  in  tech n iq u e , 
j^ u s  d if fe re n c e s  in  th e  sen sa tio n  le v e l  a t  which th e  DL was m easured, 
make d i r e c t  comparison o f  r e s u l t s  among s tu d ie s  d i f f i c u l t ,  i f  n o t impos­
s ib l e .
The fa c to r s  mentioned above which h inder conqiarisons among 
s tu d ie s  a re  compounded by th e  problem o f su b je c t s e le c t io n .  Although 
th e  p rim ary  purpose o f  th e  DL s tu d ie s  o f  th e  p a th o lo g ic a l e a r  was to  
develop  a d d it io n a l  techn iques f o r  determ ining  th e  presence o f  r e c r u i t ­
ment in  o rd e r to  d i f f e r e n t i a t e  co ch lea r from o th e r  s e n so rin e u ra l le s io n s ,  
few o f  th e  s tu d ie s  p re se n t d a ta  o b ta in ed  by e i th e r  o f  th e  balance te c h -
7n iq u es . In  th e  f in a l  a n a ly s is , A lte rn a te  B inaural o r  Monaural balance 
t e s t s  a re  th e  on ly  methods which a c tu a l ly  measure re c ru itm e n t. The 
presence o f  re c ru itm en t in  th e  su b jec ts  o f  th e se  s tu d ie s  was n o t demon­
s t r a te d  b u t was in fe r re d  from th e  presumed e tio lo g y  o f  th e  h earin g  lo s s .  
In  a d d it io n , some o f  th e  s tu d ie s  employed as a c r i t e r io n  fo r  su b jec t 
s e le c t io n  dem onstrable sen so rin e u ra l hearing  lo s s  w ith  no p ro v is io n  fo r  
s e p a ra tin g  th e  su b je c ts  In to  groups according to  th e  s i t e  o f  le s io n .  
Thus, th e  experim ental groups In  th e se  s tu d ie s  con tained  su b jec ts  who 
may o r may n o t l>e expected to  d is p la y  rec ru itm en t (9» 15) a
The r e s u l t s  o f  s tu d ie s  o f  th e  DLs fo r  In te n s i ty  and frequency 
w i l l  be reviewed In  the  fo llow ing  s e c t io n s . Major emphasis w i l l  be de­
voted  to  th o se  s tu d ie s  which a re  p e r t in e n t  to  th e  p re se n t in v e s t ig a t io n .
I . e . ,  s tu d ie s  In  which a d iscon tinuous technique was employed to  measure 
th e  DL In  su b je c ts  known to  have a hearing  lo s s  due to  a  co ch lear le s io n .  
The review  w i l l  Include th e  s tu d ie s  In  which th e  DLI and DLF were ob­
ta in e d  from p a th o lo g ic a l s u b je c ts .  In  o rd e r to  make optim al use  o f  th e  
DLs o b ta ined  from p a th o lo g ic a l s u b je c ts ,  most In v e s t ig a to rs  found I t  
necessa ry  to  ev a lu a te  t h e i r  techn ique on normal s u b je c ts .  The review  
which fo llow s w i l l  c i t e  th e  r e s u l t s  ob ta ined  from normal su b je c ts  when 
a p p ro p r ia te . The c la s s ic  s tu d ie s  o f  th e  DLI and DLF In  normal s u b je c ts  
w i l l  no t be d iscu ssed  In  d e t a i l .
D iffe ren ce  Limen fo r  In te n s i ty  
Normal S u b jec ts
Khudsen (30) reviewed th e  s tu d ie s  concerning th e  DL fo r  In te n ­
s i t y  p r io r  to  th e  development o f  e le c tro a c o u s tic  equipm ent. Among th e  
Ingenious techn iques rep o rted  was th a t  o f  F ish e r and Wundt, In  lA lch
8le ad  b a l l s  o f  d i f f e r e n t  w eigh ts, dropped from v a rio u s  h e ig h ts , were em­
ployed to  produce v a rio u s  in t e n s i t i e s  o f  sound.
The f i r s t  s tu d ie s  o f  th e  d if fe re n c e  lim en fo r  in te n s i ty  and the  
d if fe re n c e  lim en fo r  frequency which employed e le c tro a c o u s tic  equipment 
were perform ed by Knudsen (3 0 ) . The con tinuous, o r m odulation, techn ique  
was used fo r  bo th  measurements. The d a ta  ob ta ined  by Reisz (49) using  
am plitude m odulation a re  u su a lly  considered  to  be d e f in i t iv e  o f  th e  DLI. 
C hnrcher, King, and Davies (5) a lso  used a continuous techn ique w hile  
Dimmick and Olson (8) employed a d iscon tinuous tech n iq u e . S tev en s, 
Morgan, and Volkman (56) used th e  "Quantal* method. Montgomery (43) in ­
v e s tig a te d  the  in flu en c e  o f  experim ental technique on th e  DLI. H arris  
(20) has reviewed and re-exam ined ex p erim en ta lly  each o f th e  te ch n iq u es .
In  g en era l th e  above s tu d ie s  have in d ic a te d  th a t :
1 . The DLI i s  l a r g e s t  near th re sh o ld , decreasing  as  th e  in te n ­
s i t y  i s  r a is e d ,  a t  l e a s t  to  a  le v e l  o f  50 dB above th re sh o ld .
2 . The DLI i s  la r g e s t  fo r  tones a t  th e  low er end o f  th e  f r e ­
quency s c a le ,  and i s  sm a lle s t a t  th o se  freq u en c ies  a t  which a c u ity  i s  
g r e a te s t .
P a th o lo g ic a l S ub jec ts
B r in i tz e r  (2) and de Mare (36) a re  g en e ra lly  c i te d  a s  having 
been among th e  f i r s t  to  a ttem p t to  a s s o c ia te  th e  rec ru itm en t phenomenon 
w ith  abnormaliLties o f  th e  DU in  p a t ie n ts  w ith  hearin g  lo s s  (20 , 27 , 31 ). 
However, Lusoher and Zw islocki (34) were th e  f i r s t  to  succeed in  mea­
su rin g  th e  DU in  p a th o lo g ic a l e a r s .  They employed th e  continuous te ch ­
n ique o f  am plitude m odulation in  which th e  changes in  in te n s i ty  s e t  in  
a b ru p tly  and re c u rre d  a t  a  r a t e  o f  approxim ately two p e r second. A sub-
9j e o t  vas asked to  respond when he was a b le  to  d e te c t  th e  p resence o f  th e  
m odulation. I n i t i a l l y ,  a  degree o f  m odulation which was e a s i ly  p e rcep t­
ib le  was p resen ted  and then g rad u a lly  decreased  u n t i l  th e  s u b je c t ceased 
to  respond . The l e a s t  va lue  o f  m odulation to  which th e  su b je c t responded 
c o n s is te n tly  was taken as th e  d if fe re n c e  lim en . The DU was expressed as  
per c en t o f  m odulation o f  th e  re fe re n ce  I n te n s i ty .
The DU v a lu es  fo r  normal hearin g  su b je c ts  a re  In te rp re te d  as 
confirm ing R e lsz ' (49) conclusions t h a t  th e  DU I s  dependent upon th e  
I n te n s i ty ,  and to  a  l e s s e r  e x te n t , th e  frequency o f th e  to n e . Luscher 
and Z w is lo ck i's  DUs range Arom tw elve p e r cen t to  e ig h teen  p e r c en t a t  
20 dB to  th re e  to  fo u r p e r c en t a t  80 dB above th re sh o ld  fo r  u n p rac tlced  
s u b je c ts .  At th e  lower I n te n s i t i e s  th e  v a lu es  a re  approxim ately  co n stan t 
In  th e  freq u en c ies  below 1000 o r  2000 cps and In c rease  a t  th e  h ig h e r f r e ­
q u en c ies . This frequency dependency d isap p ears  above th e  40 dB sen sa tio n  
l e v e l .  The au th o rs  suggest th a t  th e  DU In p a th o lo g ic a l cases should be 
a ssessed  a t  th e  40 d'i sen sa tio n  le v e l  In  o rd e r to  remove th e  In flu en ce  o f  
frequency .
In  g e n e ra l, th e  r e s u l t s  o f  th e  s tu d ie s  o f  p a t ie n ts  w ith  known 
p a th o lo g ie s  by Luscher (31, 32) and Luscher and Zw islocki (34, 35) In d i­
c a te  th a t  p a t ie n ts  w ith  conductive and re tro o o c h le a r  le s io n s  d isp la y  
normal DUs and p a t ie n ts  w ith  le s io n s  o f  th e  cochlea have abnorm ally 
sm all D U s. They re p o r t  t h a t  In  a  h earing  lo s s  o f  more than 30 dB, a  
DU o f  e l ^ t  p e r  cen t o r l e s s ,  ob ta ined  w ith  a  40-dB sen sa tio n  le v e l  
s tim u lu s . I s  In d ic a tiv e  o f  a co ch lea r l e s io n .
At L u sch er 's  su g g estio n , Neuberger (46) employed th e  same te c h ­
n ique w ith  a group composed n a ln ly  o f  a c o u s tic  traum a c a se s . He com­
pared th e  DU w ith  th e  r e s u l t s  o f  th e  A lte rn a te  B in au ra l Loudness
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Balance t e s t .  At those  freq u en c ies  a t  which rec ru itm en t could be demon­
s t r a te d  by th e  ABLB th e  DLI was two to  s ix  per c e n t. I t  th u s  became ev i­
den t t h a t  an am plitude m odulation DLI techn ique could r e l i a b ly  e s ta b l is h  
th e  coch lea a s  th e  s i t e  o f  le s io n .
Denes and Naunton (6 ,7 )  employed a d iscon tinuous techn ique in  
which th e  second o f  two to n es  was compared to  th e  f i r s t  and judged to  be 
e i th e r  th e  same o r  d i f f e r e n t .  The two tones were each 1700 msec in  dura­
t io n  and were sep ara ted  by a 330-msec s i l e n t  in te r v a l .  I n i t i a l l y ,  the  
second tone was enough lo u d er o r  s o f te r  than  th e  re fe re n ce  tone fo r  th e  
s u b je c t  to  experience no d i f f i c u l t y  in  judging them to  be d i f f e r e n t .  A 
method o f  l im i t s  procedure in  which th e  second tone  was made more l ik e  
th e  f i r s t  to n e  in  d is c r e e t  s te p s  was employed. The p o in t o f  su b je c tiv e  
e q u a l i ty  was approached in  bo th  an ascending and descending manner and 
th e  DLI was d efined  as th e  d if fe re n c e  in  dB between th e  ascending and 
descending  loudness balance p o in ts .  Thus, th e  DLI rep o rted  by th e se  
a u th o rs  i s  in  r e a l i t y  a  "double DLI". They re p o r t  th e  r e s u l t s  ob ta ined  
a t  4 , 24 , and 44 dB above th re sh o ld  fo r  tw en ty -th ree  su b je c ts  w ith  r e ­
c ru itm en t and f o r  tw enty su b je c ts  w ith o u t re c ru itm e n t, as  determ ined by 
th e  ABLB. The frequency a t  which th e  d e te rm in a tio n s  were made i s  no t 
re p o r te d . Following a re  th e  mean DLIs in  dB rep o rted  fo r  th e  two groups:
I n te n s i ty  (dB 3L)_________________ 4_________________24_________________44
With re c ru itm e n t 3 3 -1 /2  4
W ithout rec ru itm en t 4 4 2 -1 /2
I t  may be observed th a t  th e  ab so lu te  s iz e  o f  th e  DLI a t  th e se  
le v e l s  w ith  th e  techn ique d esc rib ed  does n o t d i f f e r e n t i a t e  between 
r e c r u i t in g  and n o n -re c ru itin g  e a r s .  However, Denes and Naunton recommend
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t h a t  th e  r e la t io n s h ip  between th e  DLIs a t  th e  4 dB and 44 dB sen sa tio n  
le v e ls  does a llow  t h i s  d e c is io n . In  t h i s  manner, each e a r i s  compared 
w ith  i t s e l f  and n o t w ith  th e  r e s u l t s  o b ta in ed  in  a  norm ative s tu d y . Thus, 
th ey  conclude th a t  i f  th e  DLI a t  4 dB i s  g re a te r  than  44 dB, " . . .  then  
i t  i s  assumed th a t  re c ru itm en t i s  a b se n t. I f  th e  l a t t e r  i s  g re a te r  than 
o r  equal to  th e  form er, then  rec ru itm en t i s  p re s e n t ."  When t h i s  c r i t e r ­
ion  i s  ap p lied  to  th e  d a ta  from th e  fo r ty - th re e  in d iv id u a ls  re p o r te d , th e  
DLI and balance t e s t  a re  in  agreement in  f o r ty  o f  th e  c a se s . I t  i s  r e ­
p o rted  t h a t ,  in  two o f  th e  th re e  cases in  which th e  t e s t s  d is a g re e , th e  
d iscrepancy  i s  th e  r e s u l t  o f  th e  p a r t ic ip a t io n  o f  th e  c o n tr a - la te r a l  ea r 
in  th e  t e s t .
J e rg e r  (26) employed a  continuous techn ique  p a tte rn e d  a f t e r  
Luscher and Z w is lo c k i 's . The DLI was assessed  a t  15 dB SL r a th e r  than  
40 dB and th e  m odulation was in c reased  in s te a d  o f  decreased  u n t i l  noted 
by th e  s u b je c t .  A wide range o f  e t io lo g ic a l  ty pes was s tu d ie d  and th e  re ­
s u l t s  confirmed th e  d a ta  from L u sch er 's  c l i n i c .
A y ear l a t e r  J e rg e r  (27) changed h is  procedure to  th e  e x te n t 
th a t  he u t i l i z e d  th e  concept o f  each e a r  a c tin g  as  i t s  own c o n tro l as 
advocated by Denes and Naunton (6 , 7 ) .  However, he continued to  use h is  
m o d ifica tio n  o f  th e  Luscher-Zw islocki techn ique to  a sse ss  th e  DLI a t  
10 dB and 40 dB sen sa tio n  le v e l s .  His d a ta  show th a t  in  cases o f  coch lear 
lo s s  o f  more th an  30 dB th e  d if fe re n c e  in  th e  v a lu e  o f  the  DLI a t  th e  two 
le v e l s  i s  s l ig h t  (about .10 dB) and in  p a t ie n ts  w ith o u t coch lear lo s s  th e  
d if fe re n c e  i s  c lo se  to  1 dB.
H irsh , P a lva , and Goodman (2 5 ) , in  1954, examined th e  l i t e r a t u r e  
concerning th e  r e la t io n s h ip  between th e  DLI and rec ru itm en t u n t i l  th a t  
t)jme. They were c r i t i c a l  o f  th e  am plitude m odulation techn ique and em-
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ployed a  d isco n tin u o u s techn ique in  t h e i r  experim ent. The f i r s t ,  o r  
r e fe re n c e , tone  vas 1910 msec in  d u ra tio n  foU oved im m ediately by a com­
p a riso n  tone o f  1750 msec d u ra tio n . Each p a ir  o f  to n es  vas sep a ra ted  by 
a  s i l e n t  in te r v a l  o f  about 230 msec. As in  Denes and Nauntonfs (6) te c h ­
n iq u e , th e  p o in t o f  s u b je c tiv e  e q u a li ty  vas approached in  d is c r e e t  s te p s  
in  bo th  an ascending and a  descending manner. The s u b je c ts  v e re  to  judge 
v h e th e r the  to n es  v e re  " d i f f e r e n t” o r  " th e  same". The d if fe re n c e  lim en 
vas d e fin ed  a s  th e  d if fe re n c e  in  dB betveen th e  l a s t  m agnitude judged as 
" d if fe re n t"  and p h y s ica l e q u a l i ty .  The DUs a re  re p o rte d  as  an "ascend­
in g  DL", a  "descending DL", and th e  sum o f  the  "ascending" and "descend­
in g "  DLs d iv id ed  by tv o .
The DU vas measured a t  5» 25, and 40 dB sen sa tio n  le v e ls  a t  
freq u en c ie s  a t  lA ich  re c ru itm e n t m ight be p re s e n t. The presence o r  
absence o f  rec ru itm en t vas determ ined by the  loudness balance t e s t s .
Data f o r  th re e  groups a re  re p o r te d . One group had normal h e a r in g . The 
second e^diib ited  hearing  Impairment v i th  re c ru itm e n t, v h ile  th e  th i r d  
had h earin g  im pairm ent v i th o u t  re c ru itm e n t. The "ascending" and "de­
scending" DLs d iv id ed  by t w  a t  th e  th re e  sen sa tio n  le v e ls  fo r  th e  th re e  
groups a re  re p o rte d  belov :
I n te n s i ty  (dB SL)___________________ 5________________25________________40
form al hearing  group 2.49 1.91 1.42
H earing im paired v i th 2.33 2.26 1.80
re c ru itm e n t
H earing im paired v i th o u t 2.29 1.97 1.58
re c ru itm e n t
The conclusion  dravn from th e  p receding  d a ta  i s  t h a t  normal sub­
j e c t s  and p a t ie n ts  v i t h  iiq>aired h e a rin g , v i th  o r  v i th o u t  re c ru itm e n t.
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cannot be d i f f e r e n t ia te d  on th e  b a s is  o f  th e  s iz e  o f  th e  DLI determ ined 
by t h i s  p rocedu re , H arris  (20) suggests t h a t  had th ey  used th e  p r in c ip le  
o f  each e a r  a c tin g  as  i t s  own c o n tro l employed by Denes and Naunton (6 , 7) 
th e  d i f f e r e n t ia t io n  may have been accom plished.
In  1955» Je rg e r  (28) re p o rte d  th e  r e s u l t s  o f  a study  in  trtiich the  
Q uantal method o f  S tevens, Morgan, and Volkman (56) was used to  measure 
th e  DLI a t  1000 and 4000 cps a t  th e  10 dB and 40 dB sen sa tio n  l e v e l s .  In  
t h i s  p ro cedure , th e  su b jec t was asked to  l is 'te n  to  a  continuous re fe re n ce  
tone to  which s h o r t  in te n s i ty  increm ents were p e r io d ic a l ly  added. Psycho­
m e tric  fu n c tio n s , r e la t in g  p e r cen t o f  increm ents heard  to  increm ent in ­
t e n s i t y ,  were p lo t te d  and th e  DLI defin ed  as  th e  in te n s i ty  increm ent a t  
which f i f t y  p er c en t were heard . Two groups o f  s u b je c ts  were employed.
The f i r s t  had normal hearin g  a t  bo th  t e s t  fre q u e n c ie s , w hile  th e  second 
had been diagnosed as having a c o u s tic  traum a. The l a t t e r  group had normal 
hearin g  a t  1000 cps and a m oderate se n so rin e u ra l lo s s  a t  4000 c p s . Re­
s u l t s  c f  monaural loudness m atches between th e  two t e s t  freq u en c ies  in d i­
cated  rec ru itm en t was p re se n t in  each o f  th e  s u b je c ts  o f  th e  group w ith  
im paired h e a r in g .
Summarized below a re  th e  mean DUs f o r  th e  two groups a t  two f r e ­
quencies and two se n sa tio n  le v e ls :
Frequency (cos) 1000 4000
10 dB SL
Normal 2 .28 1.81
Im paired 2 .24  0.99
40 dB SL
Normal 1,21 1.05
Im paired 1.16 0.46
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I t  may be re a d i ly  observed th a t  a t  1000 cp s, where both groups 
have normal h e a rin g , th e  DLIs a re  o f  q u ite  s im ila r  m agnitude. At 4000 
cp s , however, th e  group w ith  co ch lea r hearing  lo s s  dem onstrates much 
g re a te r  s e n s i t iv i ty  to  in te n s i ty  change.
Four y ea rs  l a t e r ,  J e rg e r , Shedd, and H arford (29) rep o rted  th e  
r e s u l t s  o f  a c l in ic a l  ad ap ta tio n  o f  th e  procedure employed above. In  
th e  c l i n i c a l  m o d if ica tio n , th e  in te n s i ty  o f  th e  continuous re fe re n ce  tone 
was 20 dB above th re sh o ld . An in c ra n en t o f  200 msec d u ra tio n  w ith  a 
r is e -d e c a y  tim e o f  50 msec occurred  every f iv e  seconds. The magnitude 
o f  th e  increm ent was e x a c tly  1 dB. Twenty such in c ro n en ts  were p resen ted  
a t  a  given frequency, and th e  su b je c t was re q u ire d  to  respond to  th e  
presence  o f  an increm ent. The r e s u l t s  a re  re p o rte d  as  p e r cen t o f  in c re ­
ments heard and a re  u su a lly  r e fe r re d  to  as th e  S IS I (S hort Increm ent 
S e n s it iv e  In d e x ). S ub jec ts  w ith  normal h ea rin g , conductive lo s s ,  o r  
re tro o o c h le a r  le s io n s  may be expected to  hear zero  to  f i f t e e n  p e r cen t 
o f  th e  increm ents w hile  p a t ie n ts  w ith  co ch lea r le s io n s  ty p ic a l ly  have 
S IS I sco res  o f  seven ty  to  one-hundred p e r c e n t .  P a t ie n ts  w ith  hearing  
lo s s  due e x c lu s iv e ly  to  advancing age may have S IS Is  anywhere from zero 
to  one-hundred p er c e n t .  The SISI t e s t  i s  used ro u tin e ly  in  many Oto- 
lo g lo a l  and A udio log ica l C enters a t  th e  p re sen t tim e .
In  summary, i t  i s  ap p aren t th a t  th e  DLs ob ta in ed  by th e  method 
o f  am plitude m odulation and th e  Q uantal method s u c c e ss fu lly  id e n t i f y  the  
p a t ie n t  w ith  a  h earin g  lo s s  due to  a  le s io n  o f  th e  coch lea . There i s  
s t i l l  some co n tro v ersy  as to  w hether t h i s  d i f f e r e n t ia t io n  may be aocom- 
I^ ish ed  employing a  d isco n tin u o u s tech n iq u e . From th e  r e s u l t s  o f  th e  
su c c e ss fu l s tu d ie s ,  th e  fo llow ing  o b serv a tio n s  may be drawn:
1 . D U s in  conductive lo s s  cases a re  e s s e n t ia l ly  th e  same a s  in
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normal su b je c ts ,
2 . DLIs ob ta ined  from su b je c ts  whose hearing  lo s s  i s  presumed to  
be o f  coch lear o r ig in ,  a re  sm alle r than normal (m odulation and Quantal 
tech n iq u es) o r  the  DLI f a i l s  to  improve w ith  an in c re a se  in  in te n s i ty  
(d iscon tinuous te ch n iq u es ).
3. DLIs o b ta ined  from su b je c ts  whose hearing  lo s s  i s  presumed to  
be due e x c lu s iv e ly  to  advancing age may o r  may n o t be more s e n s i t iv e  to  
sm all in te n s i ty  changes than  normal s u b je c ts .
4 . DLIs o b ta ined  from su b je c ts  who e x h ib it  sen so rin e u ra l lo s s  
due to  le s io n s  o f  th e  V l l l th  nerve a re  e s s e n t ia l ly  th e  same as those  
y ie ld ed  by normal su b je c ts .
D ifference  Limen f o r  Frequency 
Normal S u b jec ts
Vance (6 0 ), in  1914, pub lished  a  comprehensive review  o f  th e  l i t ­
e ra tu re  concerning th e  DLF. S ince e le c tro a c o u s tic  equipment was no t 
a v a ila b le  p r io r  to  1920, th e se  e a r ly  s tu d ie s  employed v ib ra t in g  re e d s , 
tu n in g  fo rk s , and G alton w h is t le s .  The m echanical equipment precluded  th e  
a c c u ra te  c o n tro l and measurement o f  in te n s i ty  and th e  p re c is e  measurement 
o f  frequency increm ents.
Following th e  in v en tio n  o f  th e  therm ionic  vacuum tube and th e  
subsequent development o f  e le c tro a c o u s tic  equipment, th e re  was renewed 
i n t e r e s t  in  th e  study o f th e  a b i l i t y  o f  th e  normal e a r  to  re so lv e  sm all 
d if fe re n c e s  in  frequency . Among th ose  who have made use  o f  th e  technolog­
i c a l  improvements a re  Knudsen (30) and Shower and Biddulph (52) who em­
ployed th e  continuous method o f  frequency  m odulation. H a rris  (19) and 
R o sen b lith  and S tevens (50) used v a r ia t io n s  o f  th e  d isco n tin u o u s method.
16
S tev en s, Iforgan, and Volkaan (56) a lso  re p o r t  d a ta  on th e  DLF u t i l i z i n g  
th e  Q oantal method. D esp ite  d if fe re n c e s  in  techn ique and allow ing  fo r  ex­
p ected  v a r ia t io n s  among s tu d ie s ,  c e r ta in  g enera l conclusions may be drawn:
1 . The v a lu es  o f  th e  DU a re  sm a lle s t fo r  freq u en c ies  up to  
500 cps and in c re a se  in  s i t e  fo r  h ig h er freq u e n c ie s . For th e  low er f r e ­
quencies th e  v a lu e  may be l e s s  than  5 cps and a t  4000 cps i t  may be as  
la rg e  a s  20 cps.
2 . The va lu es  o f  th e  DU a re  l a r g e s t  n e a r th re sh o ld  d ecreasing  
in  s i t e  to  about 40 dB. Above t h i s  in te n s i ty  th e  v a lu e  rem ains approxi­
m ate ly  c o n s tan t d e sp ite  fu r th e r  in c re a se  in  in te n s i ty .
P a th o lo g ica l S u b jec ts
S tack er (59) re p o rte d  in  1908 th a t  th e  DU in  e ld e r ly  su b je c ts  
i s  l a r g e r  than in  young s u b je c ts .  T his in fo rm ation  re p re se n ts  th e  s ta t e  
o f  knowledge concerning th e  DU in  p a th o lo g ic a l su b je c ts  p r io r  to  1950.
In  th a t  y ear S h u tts  (53) s tu d ie d  th e  DU in  s u b je c ts  who demon­
s t r a te d  a s e n so rin e u ra l hearing  lo s s .  No a ttem pt was made to  subdiv ide 
t h i s  group in to  co ch lea r and re tro c o c h le a r  l e s io n s .  S h u tts  compared th e  
s iz e  o f  th e  DU in  t h i s  group to  th a t  o f  a d u lts  w ith  normal h e a rin g . The 
method o f  co n stan t s t im u l i ,  a d iscon tinuous method o f  t e s t in g ,  was em­
p loyed . The su b je c t was to  judge w hether th e  second o f  two to n es  was 
h ig h er o r  low er in  frequency than  th e  f i r s t .  A t o t a l  o f  te n  v a r ia b le  
s tim m ll, f iv e  o f  h ig h e r and f iv e  o f  low er frequency than  th e  re fe re n ce  
frequency , was u sed . These s t im u li were se le c te d  to  in c lu d e  v a r ia t io n s  
which ranged from in d is tin g u is h a b le  to  obv iously  d i f f e r e n t  from th e  r e f ­
e rence  to n e . The to n es  were $00 msec d u ra tio n  and members o f  a p a i r  were 
sep a ra ted  by a  500 msec s i l e n t  in t e r v a l .  Ten p re se n ta tio n s  o f  each o f
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th e  ten  reference-com parison  p a ir s  c o n s ti tu te d  a s in g le  t e s t .  The 100 
p a i r s  were p resen ted  in  random o rd e r . The t e s t s  were conducted a t  500, 
1000, and 2000 cps a t  10, 25, and 40 dB above th re sh o ld . The e n t i r e  
s e r ie s  was p re -reco rd ed  on m agnetic ta p e . A t o t a l  o f  fo r ty  su b je c ts  was 
employed, twenty in  each o f  th e  normal and p a th o lo g ic a l groups. In  th e  
l a t t e r  group, DLFs a t  th e  40-dB sen sa tio n  le v e l  could n o t be o b ta ined  on 
a l l  s u b je c ts .
The fo llow ing  DLFs in  cps were ob ta ined  fo r  th e  two groups a t  
500, 1000, and 2000 cps a t  10 and 40 dB sen sa tio n  le v e ls :
Frequency (cps) 500 1000 2000
10 dB SL
Normal hearin g 6,42 9.16 15.58
S en so rin eu ra l lo s s 8,51 14,47 22,13
40 dB SL
Normal hearin g 3.28 4,51 8.86
S en so rin eu ra l lo s s 7 .19 9.89 16,77
Although S h u t t 's  d a ta  fo r  su b je c ts  w ith  normal hearin g  a re  
s l ig h t ly  l a r g e r  than s im ila r  measurements by p rev ious in v e s t ig a to r s ,  th e  
r e s u l t s  a re  in  gen era l agreem ent. I t  may be noted  th a t  th e  DLFs fo r  th e  
p a th o lo g ic a l group a re  approxim ately  tw ice th e  s iz e  o f  th e  normal 
g ro u p 's . Large v a r ia t io n s  in  DLF s iz e  were no ted  in  th e  h a rd -o f-h ea rin g  
s u b je c ts .  As in  normal s u b je c ts ,  th e  p a th o lo g ic a l su b je c t inqjroves in  
a b i l i t y  to  d isc r im in a te  d if fe re n c e s  in  frequency w ith  an in c re a se  in  
in t e n s i t y .  However, th e  in te n s i ty  le v e l  a t  which t h i s  a b i l i t y  p la te au s  
was reached a t  25 dB above th re sh o ld  in  th e  abnormal group, w hile  th e  
normal group continued to  improve up to  th e  l im i t  o f  th e  sen sa tio n  le v e ls  
explored  (40 dB ), S h u tts  n o te s  " ,  .  ,  th e se  f in d in g s  form th e  b a s is  f o r
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b e lie v in g  th a t  th e  fu n c tio n s  f o r  p i tc h  d isc r im in a tio n  a re  n o t th e  same in  
th e  two ty p es  o f  ear"  (53, p . 127).
The fo llow ing  y e a r , Hayes (23) conducted a  fo llow -up o f th e  S h u tts  
(53) s tu d y . The prim ary purpose was to  compare th e  s iz e  o f  th e  DLF w ith  
th e  a b i l i t y  to  d isc r im in a te  speech . The equipment, methods, and proce­
dures were approxim ately  th e  same as in  S h u tts ' s tu d y . The prim ary d i f f e r ­
ences were th e  e lim in a tio n  o f  a  c o n tro l group o f normal su b je c ts  and the  
random ization o f  th e  p re se n ta tio n  o rd e r o f  th e  re fe re n ce  and comparison 
to n e s . DLFs were ob ta ined  a t  th e  same frequencies  and sen sa tio n  le v e ls  as 
in  S h u t ts ' s tu d y . Hayes employed th re e  experim ental groups w ith  se n so ri­
n e u ra l hearing  lo s s :  one o f  young a d u lts  w ith  good speech d isc r im in a tio n ,
one o f  o ld e r  (over f i f t y  y ea rs  o f  age) a d u lts  w ith  good speech d isc rim in a ­
t io n ,  and one o f  o ld e r  a d u lts  w ith  poor speech d is c r im in a tio n . The f o l ­
lowing DLF v a lu es  were o b ta ined  a t  10 dB and 40 dB above th re sh o ld  a t  500, 
1000, and 2000 cps fo r  th e  th re e  groups:
Frequency (cps) 500 1000 2000
10 dB SL
Young a d u lts  w ith  good speech 12.50 13.80 18.10
d isc r im in a tio n
O lder a d u lts  w ith  good speech 11.00 17.86 26.08
d isc r im in a tio n
O lder a d u lts  w ith  poor speech 15.93 19.43 39.42
d isc r im in a tio n
40 dB SL
Young a d u lts  w ith  good speech 9.32 11.61 17.90
d isc r im in a tio n
O lder a d u lts  w ith  good speech 8.91 11.57 23.30
d is  c rim in a tio n
O lder a d u lts  w ith  poor speech 17.03 18.81 30.50
d is  c rim in a tio n
Hayes (23) concludedi
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1. The mean DLFs were la r g e r  in  each group than  th o se  fo r  normal
h e a re rs  re p o rted  by S h u tts  (5 3 ).
2 . The mean DLFs in  th e  young a d u lt  group were r e l a t iv e ly  c lo se
to  th o se  ob ta ined  by S h u tts  (53) fo r  an eq u iv a len t experim ental group.
3. The mean DLFs o f  th e  o ld e r  a d u lts  w ith  good speech d isc r im i­
n a tio n  were about th e  same as  th ose  o f  th e  younger group.
4 . The mean DLFs o f  th e  o ld e r a d u lts  w ith  poor speech d isc r im i­
n a tio n  were someidiat la r g e r  than e i th e r  o f  th e  o th e r  groups, b u t most d i f ­
fe ren ces  were n o t s ig n i f ic a n t .
5 . The DLF;I o f  some in d iv id u a ls  d if f e r e d  w idely from th e  group
to  which they  belonged,
Meurman (3 9 ), iu  195%, employed a  frequency modulated pure tone 
(continuous method) to  determ ine th e  DLF a t  a le v e l  20 dB above th re sh o ld  
a t  th e  octave in te r v a ls  between 125 and 4000 cp s . He u t i l i z e d  f iv e  
groups o f  su b jec ts  : normal h e a rin g , conductive lo s s  (predom inantly
o to s c le r o t ic a ) ,  s e n so rin e u ra l (M eniere 's d is e a s e ) ,  young p a t ie n ts  w ith  
sen so rin e u ra l lo s s ,  and o ld e r  p a t ie n ts  w ith  s en so rin e u ra l l o s s .  The 
l a t t e r  two groups inc luded  p a t ie n ts  w ith  v a rio u s  e t io lo g ie s  o th e r  than 
M en iere 's  d is e a s e . B r ie f ly , Meurman (39) found th a t  th e  DLFs in  n o m a l 
and conductive lo s s  su b je c ts  a re  e q u iv a len t and th a t  su b je c ts  w ith  coch­
l e a r  pathology have la r g e r  DLFs than  normal hearing  s u b je c ts .
P ic k ie r  and H a rris  (4 7 ), a s  p a r t  o f  a  la r g e r  study  o f  p i tc h  d i s ­
c rim in a tio n  in  normal s u b je c ts ,  perform ed A lte rn a te  B inau ra l Loudness 
Balance t e s t s  a t  1000 cps or. one su b je c t idio had a 35 dB d iscrepancy  
between e a rs  a t  th a t  frequency . DLF measurements were ob ta in ed  f o r  each 
e a r  employing th e  method o f  co n stan t s tim ulus d if fe re n c e s  in  which th e  
su b je c t judged th e  second o f  tiro to n es  to  be h ig h er o r  low er in  p i tc h
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th a n  th e  f i r s t  to n e .  These m easurem ents were made a t  i n t e n s i t y  l e v e l s  
judged by th e  s u b je c t  to  be e q u a l ly  lo u d . The r e s u l t s  a re  p re se n te d  in  
th e  fo llo w in g  ta b le :
Equal Loudness L eve ls DLF i n  C P S  a t  Equal Loudness


















I t  i s  c l e a r ly  dem onstra ted  t h a t  eq u a l lo u d n e ss  in  e a rs  w ith  r e ­
c ru itm e n t does n o t  alw ays r e s u l t  in  eq u a l DLFs. The a u th o rs  a ls o  p ro ­
duced tem porary  s e n s o r in e u ra l  d e a fh e ss  by s u b je c t in g  a norm al e a r  to  
n o is e  o f  140 dB SPL. They r e p o r t  p i t c h  d is c r im in a t io n  a b i l i t y  to  be 
g r e a t ly  re d u c e d , som etim es even more than  i s  dem onstra ted  above.
In  1956, B u tle r  and A lb r i te  (4 ) employed a  d isc o n tin u o u s  te c h ­
n iq u e  w hich p ro v id e s  th e  b a s is  f o r  th e  method to  be used in  th e  p re s e n t  
s tu d y .  B r ie f ly ,  th e  second o r  com parison tone  was h ig h e r  o r  low er in  
freq u en cy  than  th e  r e fe re n c e  to n e  by a p redeterm ined  am ount. I n i t i a l l y ,  
th e  d isc re p a n c y  between to n e s  was la rg e  enough to  be e a s i l y  re c o g n iz e d . 
The s u b je c t  was to  r e p o r t  w hether th e  second to n e  was h ig h e r  o r  low er in  
freq u en cy  th an  th e  f i r s t .  Im m ediate knowledge a s  to  th e  a cc u racy  o f  th e  
judgm ent was p ro v id e d . A s e q u e n t ia l  a n a ly s is  o f  th e  re sp o n se s  was u sed  
to  i n f e r  w hether th e  s u b je c t  could  d is c r im in a te  a  g iven  freq u en cy  d i f f e r ­
ence a t  l e a s t  s e v e n ty - f iv e  p e r  c e n t  o f  th e  tim e o r  no b e t t e r  than  f i f t y  
p e r  c e n t  o f  th e  tim e . The p ro ced u res  and r a t i o n a le  f o r  t h i s  s t a t i s t i c a l  
te c h n iq u e  w i l l  be d is c u s se d  in  a  l a t e r  s e c t io n  devo ted  to  p ro c e d u re s . 
When i t  became a p p a re n t t h a t  a  s u b je c t  had d is c r im in a te d  a g iven  f r e ­
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quency d i f f e r e n c e ,  th e  d if f e r e n c e  between re fe re n c e  and com parison to n e s  
was reduced  u n t i l  a d if f e r e n c e  was found which th e  s u b je c t  cou ld  n o t d i s ­
c r im in a te .  The l e a s t  freq u en cy  d if f e r e n c e  which th e  s u b je c t  was a b le  to  
d is c r im in a te  was co n sid ered  th e  DLF. The t e s t  was conducted a t  500j 
1000, 2000, 5000, and 4000 cps a t  an i n t e n s i t y  o f  90 dB above norm al 
th r e s h o ld .  The p a ire d  to n e s  w ere each I 5OO msec i n  d u ra tio n  and were 
s e p a ra te d  by a 750 msec s i l e n t  i n t e r v a l .
P i l o t  d a ta  re v e a le d  t h a t  th e  DLF f o r  norm al and c o n d u c tiv e - lo s s  
s u b je c ts  were e q u iv a le n t .  C onsequen tly , th e  s tu d y  compared p a t i e n t s  who 
had a s e n s o r in e u ra l  lo s s  w ith  p a t ie n ts  who had a  co n d u c tiv e  h e a r in g  l o s s .  
B u tle r  and A lb r i te  (4 ) g iv e  th e  fo llo w in g  median v a lu e s  f o r  t h e i r  two 
groups :
F requency (cps ■ 500_____ 1000 2000 3000_____ 4000
C onductive lo s s  1 ,3  2 .8  4 ,8  5 15
P e rc e p tiv e  lo s s  2 ,6  4 ,5  7 .6  20 40
The r e s u l t s  in d ic a te  t h a t  p a t i e n t s  w ith  s e n s o r in e u ra l  h e a rin g  
lo s s  d em o n stra te  p o o re r  a b i l i t y  to  d is c r im in a te  sm all d i f f e r e n c e s  in  th e  
freq u en cy  o f  su c c e s s iv e  to n e s  th a n  do p a t i e n t s  w ith  a  co n d u c tiv e  h e a r in g  
l o s s .  T h is  d i f f e r e n c e  i n  perform ance i s  e s p e c ia l ly  pronounced a t  th e  
h ig h e r  f r e q u e n c ie s .
D uring a  second phase o f  th e  s tu d y , conducted w ith  s im i la r  
g ro u p s , an in v e s t ig a t io n  was made o f  th e  e f f e c t  o f  f iv e  hours o f  p r a c t ic e  
on th e  s iz e  o f  th e  DLF a t  4000 cp s . The median DLF d im in ish ed  to  10 cps 
f o r  th e  co n d u c tiv e  group and to  20 cps f o r  th e  s e n s o r in e u ra l  g roup . V ari­
a b i l i t y  w ith in  groups was a l s o  m arkedly red u ced . However, th e  group who 
had a  s e n s o r in e u ra l  lo s s  co n tin u ed  to  have s i g n i f i c a n t l y  l a r g e r  DLFs,
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F i l l i n g  ( 13) employed a con tin u o u s method in  which a to n e  20 dB 
above th e  s u b j e c t 's  th re s h o ld  was m odulated s in u s o id a l ly  tw ice  p e r  second . 
The amount o f  m odu lation  was g ra d u a l ly  in c re a s e d  u n t i l  th e  s u b je c t  de­
te c te d  th e  w a rb le . DLFs were e v a lu a te d  a t  o c tav e  i n t e r v a l s  from 125 to  
8000 c p s . Her s u b je c ts  were d iv id e d  in to  th e  fo llo w in g  c a te g o r ie s ,  
acc o rd in g  to  th e  r e s u l t s  o f  a u d io m e tric  t e s t s :  norm al h e a r in g , p u re  con­
d u c t iv e  l o s s ,  p u re  s e n s o r in e u ra l  l o s s ,  and mixed co n d u c tiv e  and s e n s o r i ­
n e u ra l  l o s s .
I t  was observed  t h a t  co n d u c tiv e  lo s s  ca se s  showed DLF v a lu e s  
w hich w ere e s s e n t i a l l y  th e  same a s  th o s e  e x h ib ite d  by norm al s u b je c t s .  
M ix ed -lo ss  ca se s  d isp la y e d  in c re a s e d  DLFs a t  a l l  f re q u e n c ie s  t e s t e d ,  b u t 
F i l l i n g  no ted  no s p e c ia l  tendency  tow ard an in c re a s e  in  DLF v a lu e  w ith  . 
in c re a s e d  l o s s .  In  c o n t r a s t ,  th e  DLF in  p a t ie n ts  w ith  a s e n s o r in e u ra l  
h e a r in g  lo s s  was r e la te d  to  th e  s e v e r i ty  o f  th e  l o s s .  T hat i s ,  th e  v a lu e  
was l a r g e s t  in  th o s e  p a t i e n t s  w ith  th e  g r e a t e s t  l o s s .  In  a d d i t io n ,  th e re  
was a marked in c re a s e  in  th e  DLF v a lu e s  a t  th e  h ig h e r  f re q u e n c ie s  in ' 
p a t i e n t s  w ith  a  s e n s o r in e u ra l  l o s s .
In  an e f f o r t  to  d e te rm in e  w hether th e  DLF m igh t be u sed  a s  a
t e s t  f o r  r e c ru i tm e n t,  F i l l i n g  (13) compared th e  r e s u l t s  o b ta in e d  in  h e r
s tu d y  w ith  th e  r e s u l t s  o f  th e  lo u d n e ss  b a lan ce  te c h n iq u e s  and th e  DLI. 
L uscher and Z w is lo c k i 's  (34) te c h n iq u e  was employed a t  20 dB above th r e s h ­
o ld  to  d e te rm in e  th e  DLI. In  o rd e r  to  u se  th e  DLF to  p r e d ic t  th e  p re sen ce  
o f  r e c ru i tm e n t .  F i l l i n g  employed a  te c h n iq u e  s im i la r  to  Denes and Naunton 
(6 ) and J e rg e r  ( 2 ? ) ,  i . e . ,  th e  DLF was m easured a t  two i n t e n s i t y  l e v e l s ,
5 dB and 20 dB above th r e s h o ld ,  a t  each  o f  s e v e ra l  f r e q u e n c ie s .  A r a t i o ,
r ,  was c a lc u la te d  f o r  each  freq u en cy  em ploying th e  fo rm u la :
r  = DLF a t  5 dB above th re s h o ld  
DLF a t  20 dB above th re s h o ld
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The r  v a lu e  was c a lc u la te d  f o r  groups o f  norm al h e a r in g  s u b je c ts  and 
e l d e r ly  ( s ix ty  to  s ix ty -n in e  y e a rs )  s u b je c ts  w ith  h e a r in g  lo s s  due to  ad­
vanced ag e . The v a lu e s  o b ta in e d  f o r  th e  two groups a t  th e  o c tav e  i n t e r ­
v a l s  between 125 and 8000 cps w ere q u i te  s im i la r .  The s m a lle s t  mean r  
was 1 .2 6  and th e  l a r g e s t  mean r  was 1.73» b o th  o f  which w ere o b ta in ed  
from th e  norm al group.
Comparison o f  th e  r  v a lu e s  o b ta in e d  from  p a th o lo g ic a l  s u b je c ts  
w ith  th e  m onaural and b in a u ra l  b a lan ce  t e s t s  re v e a le d  t h a t  r  v a lu e s  o f  
1 .80 o r  l e s s  a re  a s s o c ia te d  w ith  an absence o f  re c ru i tm e n t .  P a t ie n ts  
w ith  re c ru itm e n t had r  v a lu e s  o f  2 .00  o r  m ore, ex cep t in  a  few cases  
which y ie ld e d  v a lu e s  between 1 .80 and 1 .9 9 . When th e  DLI and r  r a t i o  
w ere compared th e  t e s t s  confirm ed each o th e r  i n  th e  m a jo r i ty  o f  th e  cases  
and were g r e a t ly  a t  v a r ia n c e  i n  a  few c a s e s .
K cCandless (37) employed a  d isc o n tin u o u s  method to  e v a lu a te  th e  
DLF in  s e n s o r in e u ra l  lo s s  s u b je c t s .  The method o f  l i m i t s  was m o d ified  to  
red u ce  th e  number o f  p r e s e n ta t io n s  o f  re fe ren c e -co m p a riso n  p a i r s  n ece s­
s a ry  to  o b ta in  th e  DLF. Each member o f  th e  p a i r  was 1000 msec in  d u ra ­
t i o n  and th e y  were s e p a ra te d  by a  500 msec s i l e n t  i n t e r v a l .  The v a lu e  o f  
th e  DLF was m easured a t  500, 2000, and 4000 cps a t  10, 45 , and 80 ^  
above th e  s u b j e c t 's  au d io m e tric  th r e s h o ld .  Three groups o f  s u b je c ts  w ere 
em ployed: a  norm al h e a r in g  g roup , a  group w ith  a  h ig h  freq u en cy  lo s s
w hich d id  n o t  ex tend  below 3000 cps who had a  h i s to r y  o f  n o is e  exp o su re , 
and a group w ith  a  m ild -to -m o d e ra te  s e n s o r in e u ra l  h e a r in g  lo s s  o v er m ost 
o f  th e  au d io m e tric  ra n g e , t h a t  was more sev e re  in  th e  h ig h e r  th an  th e  
lo w er f r e q u e n c ie s .  The mean th re s h o ld  a t  4000 cps f o r  th e  two p a th o lo g i­
c a l  groups d i f f e r e d  by 20 dB, th e  l a t t e r  group h av in g  th e  g r e a t e r  l o s s .  
Summarized in  th e  fo llo w in g  a r e  th e  mean DLF v a lu e s  a t  500* 2000, and
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4000 cps a t  th e  10 dB and 45 dB s e n s a tio n  le v e l s  f o r  each  o f  th e  th r e e  
groups :
F requency  ( c p s )____________________ 500_______________ 2000_______________ 4000
10 dB SL
Normal h e a r in g 3.20 4 .7 2 10.90
High freq u en cy  lo s s 3 .79 7 .84 40.27
M ild to  m oderate s e n s o r i­ 6 .40 21.08 98.44
n e u ra l  lo s s
45 dB SL
Normal h e a r in g 2.31 4 .4 4 9 .5 8
H igh freq u en cy  lo s s 2 .82 7 .5 3 28.83
M ild to  m oderate s e n s o r i­ 3 .94 26.40 109.86
n e u ra l  lo s s
As in  th e  s tu d ie s  p re v io u s ly  c i t e d ,  p a t i e n t s  w ith  s e n s o r in e u ra l  
h e a r in g  l o s s  e x h ib i te d  l a r g e r  DLF v a lu e s  th an  d id  s u b je c ts  w ith  norm al 
h e a r in g . F u rth erm o re , th e  e f f e c t  i s  a p p a re n t even a t  f re q u e n c ie s  a t  which 
th e  h e a r in g  th re s h o ld  was norm al. T h is  e f f e c t  i s  c l e a r ly  d em onstra ted  by 
th e  r e s u l t s  d is p la y e d  above f o r  th e  normal and h ig h -freq u e n cy  lo s s  
g ro u p s , b o th  o f  w hich showed norm al th re s h o ld s  a t  2000 c p s . H igher v a r i ­
a b i l i t y  among p a th o lo g ic a l  s u b je c ts  th an  among norm al s u b je c ts  i s  ag a in  
n o te d .
In  sum nary, s e v e ra l  o b s e rv a tio n s  may be made concern ing  th e  r e ­
s u l t s  o f  th e  DLF s tu d ie s  o f  p a th o lo g ic a l  s u b je c ts  r e p o r te d  above;
1 . DLFs o b ta in ed  from s u b je c ts  w ith  co n ductive  lo s s e s  a re  
e s s e n t i a l l y  th e  same a s  th o se  in  norm al s u b je c t s .
2 . DLFs y ie ld e d  by s u b je c ts  w ith  s e n s o r in e u ra l  h e a rin g  lo s s  a re  
l a r g e r  th a n  norm al a t  a l l  f re q u e n c ie s  which were im p a ired  and a t  n ea rb y  
f re q u e n c ie s  w hich w ere n o t  im p a ire d .
3 . DLFs o b ta in e d  from s u b je c ts  i n  whom th e  lo s s  was presumed to
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be due to  c o c h le a r  l e s i o n ,  e i t h e r  by b a lan ce  t e s t s  o r  presumed e t io lo g y ,  
a re  l a r g e r  than  norm al.
4 .  DLFs y ie ld e d  by e ld e r ly  p a t ie n ts  w ith  h e a r in g  lo s s  due to  
advanced age may o r  may n o t  be l a r g e r  th a n  norm al.
5 . DLFs o b ta in e d  from  s u b je c ts  w ith  s e n s o r in e u ra l  h e a r in g  lo s s  
due to  le s io n s  o f  th e  V l l l t h  n e rv e  have y e t  to  be e s ta b l i s h e d .
In f lu e n c e  o f  D u ra tio n  on Loudness and P i tc h
The r e la t io n s h ip  e x i s t in g  between th e  d u ra tio n  and th e  lo u d n ess  
o f  a pu re  to n e  has been s tu d ie d  r a th e r  e x te n s iv e ly  in  b o th  norm al and im­
p a ire d  s u b je c t s .  Among th e  more in te n s iv e  in v e s t ig a t io n s  a re  th o s e  o f  
M iskolczy-Fodor (4 1 , 4 2 ) , E isen b erg  (1 2 ) , and H a r r is ,  H a in es , and Myers 
(2 2 ) .  The e f f e c t  o f  d e c re a s in g  d u ra tio n  on th e  p i t c h  o f  a  to n e  has been 
w e ll documented by B urck, Kotow ski, and L ic h te  ( 3 ) ,  Doughty and G am er 
(10 , 1 1 ) , and by Luscher and Z w islock i (3 3 ) . A p p aren tly  o n ly  th e  l a t t e r  
have s tu d ie d  th e  p i tc h -d u ra t io n  r e la t io n s h ip  in  p a th o lo g ic a l  s u b je c t s .
D u ra tio n -P itc h  R e la tio n sh ip
Normal S u b je c ts . As th e  d u ra tio n  o f  a  to n e  i s  in c re a s e d  from 
two o r  th r e e  m sec, th e  p i t c h  e x p e rie n c e  re p o r te d  by  th e  s u b je c t  goes 
th ro u g h  th r e e  p r in c ip le  s ta g e s (5 5 ) . F i r s t ,  an e s s e n t i a l l y  to n e le s s  c l i c k  
i s  h e a rd . Second, th e  c l i c k  assum es a  p i t c h  c h a r a c t e r i s t i c ,  b u t th e  ap­
p a re n t  p i t c h  i s  d i f f e r e n t  from th e  p i t c h  t h a t  would be p r e s e n t  a t  a  
lo n g e r  d u r a t io n . F in a l ly ,  a  d u ra t io n  i s  reach ed  beyond td iich  f u r th e r  i n ­
c re a se  in  d u ra tio n  r e s u l t s  in  l i t t l e  o r  no change in  p i t c h .
Doughty and G am er (10 , 11) have d e s ig n a te d  th e  d u ra tio n s  a t  
w hich th e  second and f i n a l  s ta g e s  o f  p i t c h  e x p e rie n c e  a r e  a t t a in e d  as  
c l i c k - p i t c h  and to n e -p i tc h  th re s h o ld  r e s p e c t iv e ly .  These two th re s h o ld s
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were a s s e s se d  by Doughty and G am er (10) a t  o c tav e  i n t e r v a l s  between 125 
and 8000 cps a t  an i n t e n s i t y  o f  110 dB Sound P re s su re  L evel i n  two h ig h ly  
t r a in e d  s u b je c t s .  The c l i c k - p i t c h  th re s h o ld  ranged  from 17.9  to  4 .0  msec 
and th e  to n e -p i tc h  th re s h o ld  from 24 .2  to  9 .6  msec a s  th e  freq u en cy  was 
in c re a s e d  from 125 to  8000 c p s . As i n t e n s i t y  was d ec re a se d  from 110 dB 
to  30 dB SPL f o r  a  1000 cps to n e , th e  c l i c k - p i t c h  and to n e -p i tc h  th re s h o ld  
in c re a s e d  from 4 .4  to  10 .4  msec and from 10.2  to  21 .6  msec r e s p e c t iv e ly .
P a th o lo g ic a l  S u b je c ts . Luscher and Z w islock i (33) in v e s t ig a te d  
th e  "minimum p e rio d  o f  to n a l  q u a l i ty *  a t  f re q u e n c ie s  betw een 200 and 10000 
cps in  b o th  norm al and p a th o lo g ic a l  s u b je c t s .  From t h e i r  d is c u s s io n ,  i t  
ap p ea rs  t h a t  th e  minimum p e r io d  co rresp o n d s  to  th e  c l i c k - p i t c h  th re s h o ld  
d e s c r ib e d  above. The minimum p e r io d s  o b ta in e d  from norm al s u b je c ts  ag ree  
c lo s e ly  w ith  th e  c l i c k - p i t c h  th re s h o ld s  o f  Doughty and G am er (1 0 ) . The 
i n t e n s i t y  l e v e l s  employed by L uscher and Z w islock i a re  n o t m en tioned , b u t 
th e y  r e p o r t  th e  minimum p e r io d  to  be somewhat in d ep en d en t o f  to n a l  in te n ­
s i t y .  C onductive h ea rin g  lo s s  a p p a re n tly  does n o t a f f e c t  th e  minimum 
p e r io d ,  b u t  " in  p e rc e p tiv e  d e a fn e ss  th e  'minimum p e r io d ' i s  e i t h e r  p a r t ­
i a l l y  s h o r te r  (p re sb y a c u s is )  o r  th ro u g h o u t lo n g e r  th an  n o rm al" .
D uration-L oudness R e la tio n s h ip  
In  g e n e ra l ,  th e  s tu d ie s  o f  norm al s u b je c ts  in d ic a te  t h a t ,  a s  th e  
d u ra t io n  o f  a  to n e  i s  reduced  below a  c r i t i c a l  tim e l i m i t ,  th e  lo u d n ess  
d e c re a se s  and th e  th re s h o ld  o f  a u d i b i l i t y  i s  r a i s e d .
Normal S u b je c ts . M iskolczy-Fodor (41) o b ta in e d  i n t e n s i t y  th r e s h ­
o ld s  f o r  to n e s  o f  300, 100, 30 10, and 3 msec d u r a t io n s .  The amount o f  
th r e s h o ld  change in  d e c ib e ls  r e  th e  th re s h o ld  f o r  th e  300-msec to n e  was 
e s ta b l i s h e d .  These r e s u l t s  a re  re p o r te d  i n  th e  fo llo w in g  ta b le :
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D u ra tio n  o f  to n e  i n  msec 100 30 10
Mean th re s h o ld  change in  dB 
r e  300 msec to n e
1.55 5.87 10.44 14.82
From an a n a ly s is  o f  th e  r e s u l t s ,  M iskolczy-Fodor r e p o r ts  t h a t  
th e  c r i t i c a l  tim e , below w hich th re s h o ld  in c re a s e s  and lo u d n ess  d e c re a s e s ,  
i s  150 m sec. I t  may be seen t h a t  a  te n fo ld  d e c re a se  i n  d u ra t io n ,  from 100 
to  10 msec o r  from 30 to  3 m sec, r e s u l t s  in  ap p ro x im ate ly  a  n in e  dB in ­
c re a se  in  th re s h o ld .
M iskolczy-Fodor (41) a ls o  v a r ie d  th e  d u ra tio n  o f  th e  to n e  w h ile  
h o ld in g  th e  i n t e n s i t y  c o n s ta n t a t  s e v e ra l  s u p ra - th re s h o ld  l e v e l s .  The 
s h o r t e s t  d u ra tio n  a t  w hich a to n e  o f  a g iven  s u p ra - th re s h o ld  i n t e n s i t y  was 
p e rc e iv e d  was d e f in e d  as  th e  tim e th r e s h o ld .  The tim e th re s h o ld  f o r  sev­
e r a l  such  i n t e n s i t i e s  a re  re p o r te d  below :
L evel above th re s h o ld  (dB) 10
Time th re s h o ld  (msec) 67.0 35.0 13.7
Thus, a  to n e  10 dB above th e  th re s h o ld  f o r  a  300 msec to n e  m ust 
be a t  l e a s t  13 .7  msec in  d u ra tio n  to  be p e rc e iv e d  by th e  norm al s u b je c t .
E isen b erg  (12) r e p o r ts  tim e th re s h o ld  d a ta  o b ta in e d  from b o th  
norm al and c l i n i c a l  p o p u la t io n s .  The fo llo w in g  t a b le  g iv e s  th e  tim e 
th r e s h o ld  o b ta in e d  from norm al s u b je c ts  a t  s e v e ra l  i n t e n s i t y  le v e l s  above 
th e  th r e s h o ld  i n t e n s i t y  f o r  a  250 msec to n e :
S u p ra - th re sh o ld  l e v e l  (dB)
Time th re s h o ld  (msec) a t  1000 cps 




3 2 .7 2 5 .4
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These r e s u l t s  ag ree  w e ll w ith  th o se  o b ta in e d  by M isko lczy- 
Fodor (41 ) .
P a th o lo g ic a l  S u b je c ts . In  s u b je c ts  w ith  re c ru i tm e n t,  M iskolczy- 
Fodor (42) found t h a t  th e  th re s h o ld  change a s s o c ia te d  w ith  a d e c re a se  in  
d u ra t io n  i s  sm a lle r  th an  t h a t  o bserved  i n  s u b je c ts  w ith  a  norm al co c h le a .
E isen b erg * s (12) c l i n i c a l  p o p u la tio n  was d iv id e d  in to  s e v e ra l  
g roups acc o rd in g  to  c l i n i c a l  au d io m e tric  r e s u l t s .  The tim e th re s h o ld  was 
a s s e s se d  a t  5 dB above th re s h o ld  a t  s e v e r a l  f re q u e n c ie s .  R eported  below 
a re  th e  tim e th re s h o ld s  o b ta in e d  a t  1000 and 4000 cps from th e  group w ith  
a  s e n s o r in e u ra l  l o s s :
F requency  (cp s)___________________________________ 1000________________ 4000
Time th re s h o ld  (msec) 27 .7  13.7
Comparison w ith  th e  p rece d in g  t a b le  in d ic a te s  t h a t  th e  s e n s o r i ­
n e u ra l  lo s s  group y ie ld e d  tim e th re s h o ld s  which a re  c o n s id e ra b ly  s h o r te r  
th an  th o s e  o b ta in e d  from  norm al s u b je c ts  under com parable c o n d i t io n s .  The 
tim e th re s h o ld  f o r  1000 cps a t  ^ dB f o r  th e  s e n s o r in e u ra l  l o s s  ca se s  i s  
ap p ro x im ate ly  e q u a l to  th e  tim e th re s h o ld  a t  6 dB in  th e  norm al g roup .
As E ise n b e rg  s t a t e s ,  " . . .  th u s ,  th e  m agnitude o f  a u d i to ry  s e n s a tio n  i s  
1 dB g r e a te r  th a n  in  norm al e a r s "  (12 , p . 6 6 ) .  The tim e th re s h o ld  f o r  
4000 cps a t  5 dB in  th e  s e n s o r in e u ra l  lo s s  group i s  c o n s id e ra b ly  s h o r te r  
th an  th e  tim e th re s h o ld  a t  7 dB in  th e  norm al group. Comparison o f  th e  
o b ta in e d  tim e th re s h o ld  o f  13.7  msec w ith  F ig u re  12 o f  E isen b erg * s D is­
s e r t a t i o n  (1 2 ) , w hich r e l a t e s  th re s h o ld  s h i f t  in  dB to  lo g  tim e , r e v e a ls  
t h a t  th e  tim e  th re s h o ld  a t  5 dB above th re s h o ld  in  th e  p a th o lo g ic a l  sub­
j e c t  i s  ap p ro x im ate ly  e q u a l to  th e  tim e th re s h o ld  a t  10 dB in  norm al sub­
j e c t s .
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The s tu d ie s  c i te d  above in d ic a te  t h a t  s u b je c ts  w ith  c o c h le a r  
p a th o lo g y  have d i f f e r e n t  lo u d n e ss  and p i t c h  e x p e rie n c e s  a t  s h o r t  d u ra tio n s  
th an  do s u b je c ts  w ith  norm al c o c h le a s . E v id e n tly , a t  e q u a l i n t e n s i t y  
l e v e l s  above th r e s h o ld ,  to n e s  o f  d i f f e r e n t  d u ra tio n s  r e s u l t  in  d i f f e r e n t  
lo u d n e ss  e x p e r ie n c e s .
D iffe re n c e  Limen f o r  D u ra tio n
S ince th e  adv en t o f  e le c t r o a c o u s t ic  equipm ent th e r e  have been 
b u t fo u r  s tu d ie s  o f  th e  d i f f e r e n t i a l  s e n s i t i v i t y  o f  th e  e a r  to  to n a l  d u ra ­
t i o n s .  The e a r l i e s t  tw o, by S t o t t  (57) and Henry (2 4 ) , a lth o u g h  employ­
in g  e le c t r o n ic  to n e  so u rc e s , s t i l l  r e l i e d  on m echanical c o n tro l  o f  d u ra ­
t i o n .  The two rem ain ing  ex p erim en ts , by Meneke (38) and M ilbum  (4 0 ) , 
employed e l e c t r o n ic  equipm ent e x c lu s iv e ly ,  to  p ro d u ce , c o n t ro l ,  and mea­
su re  a l l  to n e s  and d u r a t io n s .
S t o t t  (57) conducted a  s tu d y  which in c lu d e d  th e  d e te rm in a tio n  o f  
th e  D iffe re n c e  Limen f o r  D u ra tio n  a c ro ss  r e fe re n c e  d u ra tio n s  t h a t  ranged  
from 200 to  4000 m sec. H is a p p a ra tu s  f o r  c o n t ro l l in g  th e  s tim u lu s  d u ra ­
t i o n  was e s s e n t i a l l y  m echan ical and in a c c u ra c ie s  o f  up  to  3 «8 msec a t  th e  
s h o r t e s t  d u ra t io n s  w ere m easured . L arge r in a c c u ra c ie s  w ere p re s e n t  a t  
lo n g e r  d u r a t io n s .  A 1000 cps to n e  was u sed  f o r  a l l  m easurem ents o f  DID. 
The i n t e n s i t y  o f  th e  to n e  was n o t  s p e c i f ie d .
The method o f  c o n s ta n t s t im u li  was em ployed. A com plete s tim u­
lu s  p r e s e n ta t io n  in c lu d e d  a re fe re n c e  and com parison to n e  s e p a ra te d  t y  an 
i n t e r v a l  o f  1500 m sec. In  h a l f  o f  th e  p r e s e n ta t io n s  th e  re fe re n c e  to n e  
p receded  th e  com parison to n e  and in  h a l f  o f  th e  p r e s e n ta t io n s  i t  fo llo w ed  
th e  com parison to n e .  The com parison to n e  was 0 ,  5» 10, 15? o r  20 p e r  c e n t 
lo n g e r  th an  th e  r e fe re n c e  to n e .  The s u b je c t  was to  d ec id e  w hether th e
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second to n e  was lo n g e r ,  s h o r te r ,  o r  eq u a l to  th e  f i r s t  to n e .  Psycho­
m e tr ic  fu n c tio n s  r e l a t i n g  th e  p e rc e n ta g e s  o f  " v a r ia b le  lo n g e r"  judgm ents 
to  com parison to n e  d u ra tio n  were p lo t t e d  and th e  OLD d e f in e d  as  th e  d u ra ­
t i o n  w here th e  fu n c tio n  c ro ssed  th e  s e v e n ty - f iv e  p e r  c e n t c o r r e c t  resp o n se  
l e v e l .  The DLDs o b ta in e d  in  t h i s  manner ranged from 28.36 to  642 .96  msec 
f o r  th e  200 and 4000 msec re fe re n c e  d u r a t io n s ,  r e s p e c t iv e ly .
Henry (24) re p o r te d  a  s tu d y  o f  th e  DID f o r  s e v e ra l  norm al h e a rin g  
s u b je c t s .  S tim u lu s  d u ra tio n s  were c o n t ro l le d  by a  cam tim e r  w hich c lo se d  
m ic ro sw itc h e s . The d u ra tio n  o f  c lo su re  o f  th e  m icro sw itch es  was con­
t r o l l e d  by m icro m eters . The r e s u l t in g  to n e s  were c a l ib r a te d  fo r  d u ra tio n  
w ith  an o s c i l lo g r a p h .  H enry’ s a p p a ra tu s  presum ably  p e rm itte d  b e t t e r  con­
t r o l  and m easurem ent o f  th e  d u ra tio n s  th an  d id  S t o t t ’ s  (5 7 ) .
A s o r te s  o f  to n e s  was p re se n te d  to  th e  s u b je c t  who was in s t r u c te d  
to  r e p o r t  w hether th e  s e r i e s  c o n s is te d  o f  r e p e t i t i o n s  o f  th e  same d u ra tio n  
o r  o f  a l t e r n a t in g  d u ra t io n .  The s iz e  o f  th e  in c rem en ts  a re  n o t r e p o r te d .
The r e s u l t s  o b ta in e d  w ith  t h i s  method a r e  r e p o r te d  by Henry as  
r e l a t i v e  DLs (in c rem en t p e rc e iv e d  s e v e n ty - f iv e  p e r  c e n t o f  th e  t im e / r e f e r ­
ence d u ra t io n )  and have been converted  in to  a b s o lu te  DLs ( th e  inc rem en t 
p e rc e iv e d  s e v e n ty - f iv e  p e r  c e n t o f  th e  tim e) f o r  t h i s  d is c u s s io n .  The 
e f f e c t s  o f  re fe re n c e  d u ra tio n  and i n t e n s i t y  upon th e  DID were s tu d ie d  em­
p lo y in g  a  500-cps to n e  p re se n te d  a t  50 dB above th e  th re s h o ld  o b ta in e d  
w ith  a  to n e  o f  500 msec d u r a t io n .  As th e  r e fe re n c e  d u ra tio n  in c re a s e d  
from 32 to  480 msec th e  DID in c re a s e d  from 6 .9 9  to  68 .64  m sec. As in te n ­
s i t y  in c re a s e d  from 20 dB to  80 dB SL, th e  DID d e c re a se d . The e f f e c t  o f  
s tim u lu s  freq u en cy  was a s s e s se d  a t  th e  77 msec r e fe re n c e  d u ra t io n  a t  an 
i n t e n s i t y  o f  50 dB SL. DIDs d e c re a se d  from 22 .72  to  12.01 when freq u en cy  
was r a i s e d  from 125 to  1000 c p s . The v a lu e s  o b ta in e d  a t  500, 1000, and
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2000 cps were e s s e n t i a l l y  e q u iv a le n t .
Meneke (38) and M ilbum  (40) employed i d e n t i c a l  p ro ced u res  and 
in s tru m e n ta t io n  to  m easure th e  DID in  norm al s u b je c t s .  The p roced u re  was 
s im i la r  to  t h a t  employed by B u tle r  and A lb r i te  (4) to  a s s e s s  th e  DLF in  
p a th o lo g ic a l  s u b je c t s .  Inasmuch a s  th e  p re s e n t  s tu d y  used  th e  same p ro ce ­
d u re , and s im i la r  in s tru m e n ta t io n ,  a  com plete d is c u s s io n  o f  th e  te ch n iq u e  
w i l l  bo p re s e n te d  in  a  l a t e r  c h a p te r .  B r ie f ly ,  a p a i r  o f  to n e s ,  i d e n t i ­
c a l  in  freq u en cy  and i n t e n s i t y  and se p a ra te d  from each o th e r  hy a  500 msec 
s i l e n t  i n t e r v a l ,  was p re se n te d  to  th e  s u b je c t .  The d u ra tio n  o f  th e  
second , o r  com parison, to n e  d i f f e r e d  from th e  f i r s t ,  o r  r e f e r e n c e ,  to n e  by 
a p red e te rm in ed  am ount. The s u b je c t  was to  r e p o r t  w hether th e  com parison 
to n e  was lo n g e r  o r  s h o r te r  th a n  th e  r e fe re n c e  to n e .  He was im m ediate ly  
inform ed  a s  to  th e  acc u racy  o f  h i s  judgm ent, A s e q u e n tia l  a n a ly s is  o f  th e  
re sp o n se s  was used  to  i n f e r  w hether th e  s u b je c t  cou ld  d is c r im in a te  a  g iven 
d u ra t io n  d i f f e r e n c e  a t  l e a s t  s e v e n ty - f iv e  p e r  c e n t o f  th e  tim e o r  no 
b e t t e r  th an  f i f t y  p e r  c e n t o f  th e  tim e . I n i t i a l l y ,  th e  d i f f e r e n c e  between 
th e  r e fe re n c e  and com parison to n e s  was e a s i l y  re c o g n iz e d . When i t  had 
been d e te im in ed  t h a t  th e  s u b je c t  had d is c r im in a te d  s u c c e s s fu l ly  a  d u ra tio n  
d i f f e r e n c e ,  th e  d i f f e r e n c e  was reduced  in  s e r i a l  s te p s  u n t i l  a  d u ra tio n  
d i f f e r e n c e  cou ld  n o t be d is c r im in a te d . The l e a s t  d i f f e r e n c e  i n  d u ra tio n  
which a  s u b je c t  cou ld  d is c r im in a te  was co n s id e re d  to  be th e  DID,
The in s tru m e n ta t io n  employed by Mencke (38) and ^ îilb u m  (40) a l ­
lowed r e l a t i v e l y  a c c u ra te  c o n tro l  and measurem ent o f  i n t e n s i t y ,  freq u en cy ,
and d u r a t io n .  A ll  d u ra tio n s  were w ith in  ,5  msec o f  th e  in te n d e d  v a lu e .  
Both in v e s t ig a to r s  m easured th e  DID a t  25O, 1000, and 4000 cps 
a t  10 dB and 50 dB s e n s a tio n  l e v e l s ,  Mencke (38) s tu d ie d  re fe re n c e  d u ra ­
t i o n s  o f  40 , 60 , 80 , and 100 msec and M ilbum  (40) in v e s t ig a te d  re fe re n c e
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d u ra t io n s  o f  300, 5C0 , and 1000 msec.
The DLDs o b ta in e d  by Mencke (38) were u n ifo rm ly  much sm a lle r  
th a n  th o s e  o b ta in e d  by Henry (2 4 ) . The v a lu e s  1‘anged from 1 .8  to  5 .6  
msec when r e fe re n c e  to n e s  were used u n d er c o n d itio n s  o f  1000 cp s , 50 dB 
SL, 60 msec and 250 c p s , 10 dB SL, 80 m sec. S e v e ra l s u b je c ts  w ere a b le  
to  d isc i* im in a te  a one msec d i f f e r e n c e  in  d u ra tio n  u n d er some o f  th e  ex­
p e r im e n ta l c o n d i t io n s .  In  g e n e ra l ,  Mencke (38) found t h a t  th e  m agnitude 
o f  th e  DLD: (a )  in c re a s e d  when re fe re n c e  d u ra tio n  was in c re a s e d  from 40
msec to  100 m sec, (b) d ec re a se d  when i n t e n s i t y  was in c re a s e d  from 10 dB 
to  50 dB SL, (c )  changed a s  a  fu n c tio n  o f  freq u en cy , depending on th e  
r e fe re n c e  d u ra tio n  a t  w hich i t  was m easured.
The DLD, i n  m sec, o b ta in e d  by M ilbum  (40) a t  r e fe re n c e  d u ra ­
t i o n s  o f  300, 500, and 1000 msec f o r  25O, 1000, and 4000 cps a t  10 dB and 
50 dB above th re s h o ld  a re  d isp la y e d  in  T ab le  1.
The m agnitude o f  th e  DLDs m easured by M ilbum  (40) a r e  sm a lle r  
th a n  th o s e  o b ta in e d  in  th e  same re fe re n c e  d u ra tio n  ran g e  by p rev io u s  i n ­
v e s t i g a to r s  (24 , 5 7 ) . In s p e c tio n  o f  T ab le  1 in d i c a te s  t h a t  th e  DLD in ­
c re a s e s  w ith  an in c re a s e  in  th e  r e fe re n c e  d u ra tio n  and d e c re a se s  w ith  an 
in c re a s e  in  i n t e n s i t y .  F requency d id  n o t  have a  s ig n i f i c a n t  e f f e c t  on th e  
s i t e  o f  th e  DID in  t h i s  range  o f  d u ra t io n s .
The DLDs o b ta in e d  by Mencke ( 38) and M ilbum  (40) a re  much 
s m a lle r  th an  th o se  o b ta in e d  by S t o t t  (5?) and Henry (2 4 ) . The d isc re p a n c y  
i s  p ro b ab ly  due to  s e v e ra l  f a c t o r s ,  among w hich a r e :  th e  a p p a ra tu s ,  w hich
p e rm itte d  th e  l a t e r  in v e s t ig a to r s  more a c c u ra te  c o n t ro l  o f  th e  d u ra tio n  o f  
th e  to n e s ;  and th e  e x p e rim en ta l te c h n iq u e  o f  Mencke (38) and M ilbum  (4 0 ), 
w hich p ro v id ed  f o r  a  tw o - a l t e m a t iv e ,  fo rc e d -c h o ic e , and im m ediate know­
le d g e  o f  th e  accu racy  o f  th e  judgm ent. The p r e s e n t  s tu d y  was d es ig n ed  to
TABLE 1
KEAîl DIFFSREîJCS LBËN FOR DURATION A!:D STA:DARD DEVIATIONS CALCULATED 
FROM DATA OBTAINED AT THREE REFEREÎ.’CE DURATIONS, TWO 
SENSATION LEVELS, AND THREE FREQUSI^CIES, FROM 
SUBJECTS vVTTH NORMAL HEARING
R eference S en sa tio n  
D uration  L evel 
(msec) (dB) 250








10 13.4 3.06 12.8 4 .2 4 11.9 3 .78
300
50 9 .6 6 .90 7 .2 3.71 7 .9 3.21
10 14.8 4 .96 15.0 6 .80 14.3 4 .57
500
50 9 .3 4 .52 13.7 4 .42 13.5 5 .82
10 27.5 9.79 33.0 12.74 31.5 11.56
1000
50 26.00 11.50 27.5 12.30 25.0 12.47
VjOV)
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ex ten d  th e  in fo rm a tio n  gained  by Mencke (38) and M ilbum  (40) to  a  group 
o f  s u b je c ts  w ith  c o c h le a r  p a th o lo g y . T h is  in v e s t ig a t io n  u t i l i z e d  t h e i r  
te c h n iq u e  and a  s im p l i f ie d  v e rs io n  o f  t h e i r  a p p a ra tu s .
CHAPTER H I  
DESIGN OF THE INVESTIGATION 
In tro d u c t io n
I t  i s  a p p a re n t from th e  p rece d in g  rev iew  o f  th e  l i t e r a t u r e  t h a t  
s u b je c ts  w ith  c o c h le a r  p a th o lo g y  behave d i f f e r e n t l y  th an  norm al s u b je c ts  
when re q u ire d  to  d i f f e r e n t i a t e  sm all d i f f e r e n c e s  i n  i n t e n s i t y  and f r e ­
quency. The p a th o lo g ic a l  s u b je c t  can d e te c t  a  s m a lle r  i n t e n s i t y  change 
than  a  norm al s u b je c t ,  b u t i s  p o o re r  a t  d is c r im in a t in g  a  sm all freq u en cy  
change. A se a rc h  o f  th e  l i t e r a t u r e  f a i l e d  to  r e v e a l  any in fo rm a tio n  r e l a ­
t i v e  to  th e  a b i l i t y  o f  th e  p a th o lo g ic a l  s u b je c t  to  d is c r im in a te  sm a ll • 
d i f f e r e n c e s  in  th e  d u ra tio n  o f  su c c e s s iv e  to n e s .
The s tu d ie s  o f  Mencke (38) and M ilbum  (4 0 ) , w hich w ere c i te d  
p re v io u s ly ,  p ro v id e  d a ta  concern ing  th e  DID o b ta in e d  from norm al s u b je c ts  
o v er a  wide ran g e  o f  re fe re n c e  d u ra tio n  (40 msec to  1000 m sec), freq u en cy  
(250 cps to  4000 c p s ) ,  and i n t e n s i t y  (10 dB to  50 dB SL ), The p re s e n t  
s tu d y  was d es ig n ed  to  in v e s t ig a t e  th e  d i f f e r e n t i a l  s e n s i t i v i t y  o f  th e  
s u b je c t  w ith  c o c h le a r  p a th o lo g y  to  sm all d i f f e r e n c e s  in  d u ra tio n  between 
su c c e ss iv e  to n e s .
M iskolczy-Fodor (4 1 , 4 2 ) ,  E isenberg  (1 2 ) , and H a r r is ,  Haynes, 
and Myers (22) have dem o n stra ted  t h a t  th e  norm al r e l a t io n s h ip  e x i s t in g  
between d u ra t io n  and lo u d n e ss  i s  a l t e r e d  by a  c o c h le a r  p a th o lo g y . In  
o rd e r  to  in s u re  t h a t  th e  DLDs m easured i n  th e  p r e s e n t  s tu d y  w ere t r u l y
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DID and were n o t con tam inated  by a  lo u d n e ss -d u ra tlo n  i n t e r a c t io n ,  r e f e r ­
ence d u ra tio n s  above 1^0 msec w ere s tu d ie d .  I t  w i l l  be r e c a l le d  t h a t  
150 n sec  i s  th e  c r i t i c a l  tim e l i m i t  above w hich, acc o rd in g  to  M isko lczy- 
Fodor (4 1 ) , an in c re a s e  in  d u ra tio n  w i l l  n o t  r e s u l t  in  an in c re a s e  in  
lo u d n e s s .
As has been m en tioned , th e  s u b je c ts  s e le c te d  to  p a r t i c ip a t e  in  
th e  p r e s e n t  s tu d y  were presumed to  have h e a r in g  lo s s  due to  c o c h le a r  
p a th o lo g y . Among th e  s e v e ra l  cau ses  o f  a  c o c h le a r  l e s i o n ,  one i n  p a r t i c ­
u l a r ,  a c o u s t ic  traum a, recommends i t s e l f  to  t h i s  o tu d y . F i r s t ,  i t  i s  
found in  a  s iz a b le  p ro p o r tio n  o f  th e  a d u l t  m ale p o p u la tio n . Second, i t  
r e s u l t s  in  a  c h a r a c t e r i s t i c  h e a r in g  lo s s  which i s  e a s i l y  reco g n ized  by 
i t s  a u d io m e tric  c o n f ig u ra t io n .  The perso n  w ith  a c o u s t ic  traum a may be 
ex p ec ted  to  d em o n stra te  norm al h e a r in g  in  th e  low and m id -frequency  
ra n g e s  and a  sh a rp ly  f a l l i n g  h e a r in g  lo s s  t h a t  i s  m ost s e v e re  around 
4000 c p s . T h ird , t h i s  c o n f ig u ra tio n  i s  n o t o n ly  easy  to  re c o g n iz e , b u t,  
more im p o rta n t fo r  t h i s  s tu d y , i t  can p ro v id e  b o th  a  norm al freq u en cy  
and a  p a th o lo g ic a l  freq u en cy  in  th e  same e a r .  Thus, th e  DLD a s s e s se d  a t  
th e  p a th o lo g ic a l  freq u en cy  and th e  DLD m easured a t  th e  norm al freq u en cy  
may be compared w ith  th e  r e s u l t s  o b ta in e d  u nder com parable ex p erim en ta l 
c o n d itio n s  from a norm al group in  o rd e r  to  a s c e r t a in  th e  e f f e c t  o f  th e  
p a th o lo g y  on th e  a b i l i t y  to  d is c r im in a te  sm a ll d i f f e r e n c e s  in  th e  d u ra ­
t i o n  o f  su c c e ss iv e  to n e s .  Ample p recedence  f o r  t h i s  p ro ced u re  has been 
d em o n stra ted  in  th e  p rece d in g  rev iew  o f  th e  l i t e r a t u r e  co n ce rn in g  th e  
DLs f o r  i n t e n s i t y  and fre q u e n c y .
The p re s e n t  s tu d y  m easured th e  DLD in  te n  s u b je c ts  w ith  acous­
t i c  traum a a t  th r e e  re fe re n c e  d u ra tio n s  ( 300, 500, and 1000 m sec), two 
f re q u e n c ie s  (1000 cps and 4000 cp s) and two s e n s a tio n  l e v e l s  (10 dB and
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50 dB ), The r e s u l t s  o b ta in e d  under th e s e  ex p erim en ta l c o n d itio n s  were 
compared w ith  th e  r e s u l t s  o b ta in e d  by M ilbum  (40) un d er com parable con­
d i t io n s  .
The d e t a i l s  o f  s u b je c t s ,  in s tru m e n ta t io n ,  and p ro ced u res  w i l l  be 
d is c u s s e d  in  subsequen t s e c t io n s  o f  t h i s  c h a p te r .
S u b je c ts
The ex p e rim en ta l group employed in  th e  p re s e n t  experim en t con­
s i s t e d  o f  n in e  men and one woman between th e  ag es  o f  tw en ty -one  and 
t h i r t y - s i x  y e a rs  (Appendix A ). Each s u b je c t  had a h i s to r y  o f  exposure to  
n o ise  and had norm al h e a r in g  a t  1000 c p s , b u t a  b i l a t e r a l  h e a r in g  lo s s  a t  
4000 c p s . F ig u re  1 d is p la y s  th e  mean th re s h o ld s  f o r  th e  t e s t  e a r .
Each p ro s p e c tiv e  s u b je c t  underw ent a tho rough  s c re e n in g  p ro ce ­
d u re  to  de te rm in e  w hether he was to  be in c lu d e d  in  th e  e x p e rim en ta l g roup. 
The sc re e n in g  p ro ced u re  in c lu d e d  a  p u re - to n e  a ir -c o n d u c tio n  and bone- 
conduction  a u d io m e tric  e v a lu a tio n  and a  S h o rt Increm en t S e n s i t i v i t y  Index  
(S IS I) t e s t .  In  o rd e r  to  be in c lu d e d  i n  th e  ex p e rim en ta l g roup , th e  t e s t  
e a r  o f  each s u b je c t  m et th e  fo llo w in g  c r i t e r i a :
1 . The au d io m e tric  th re s h o ld s  a t  125, 25O, 5OO, 1000, and 2000 
cps d id  n o t  exceed 10 dB r e  ÜSPHS norm s.
2 . The a i r -c o n d u c tio n  and b o n e-conduc tion  th re s h o ld s  a t  4000 cps 
w ere a t  l e a s t  20 dB b u t d id  n o t  exceed 50 dB. F ig u re  1 d is p la y s  th e  mean 
th re s h o ld s  a t  each  freq u en cy  f o r  th e  te n  s u b je c t s .
3 . The S IS I a t  4000 cps e q u a lle d  o r  exceeded sev en ty  p e r  c e n t .
The l a s t  c r i t e r i o n  was s e le c te d  to  maximize th e  p r o b a b i l i ty  t h a t
th e  co ch lea  i s  th e  s i t e  o f  l e s i o n .  J e r g e r ,  Shedd, and H arfo rd  (29) have 
shown t h a t  S IS I sc o re s  o f  se v e n ty  p e r  c e n t o r  more a r e  a s s o c ia te d  w ith
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F ig u re  I .  Aftean h earin g  le v e l In  dB re  USPHS norm fo r  the 10 su b jec ts  o f the  
experim enta l group.
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h e a r in g  lo s s e s  t h a t  a re  d iagnosed  as  be in g  o f  c o c h le a r  o r ig in .  A ll  sub­
j e c t s  had a  S IS I sc o re  o f  e ig h ty - f iv e  p e r  c e n t o r  more a t  4000 cps i n  th e  
t e s t  e a r .  The mean S IS I sc o re  f o r  th e  te n  s u b je c ts  was 96 .5  p e r  c e n t .
The cho ice  o f  expeidm ental e a r  was governed t y  th e  above c r i ­
t e r i a .  I f  b o th  e a rs  o f  a  g iven  s u b je c t met th e  c r i t e r i a ,  th e  e a r  d i s ­
p la y in g  g r e a te r  a c u i ty  a t  4000 cps was s e le c te d  in  o rd e r  to  e l im in a te  th e  
p o s s i b i l i t y  o f  th e  p a r t i c ip a t io n  o f  th e  n o n - te s t  e a r .
A pparatus
A ll t e s t s ,  sc re e n in g  and e x p e rim e n ta l, w ere conducted i n  spec­
ia l ly - c o n s t r u c te d  s o u n d - is o la te d  two-room t e s t i n g  s u i t e s  a t  th e  Speech 
and H earing  C en te r , U n iv e r s i ty  o f  Oklahoma M edical C en te r ,
S creen in g  A pparatus
A com m ercially  a v a i la b le  p u re  to n e  aud iom ete r (A lliso n , Model 
21B) fe e d in g  e i t h e r  o f  two earphones (T e lep h o n ic , Type 39-IOZ) o r  a  low 
im pedance h e a r in g -a id  ty p e  bone-conduction  o s c i l l a t o r  (R ad ioear B-70A) 
was u sed  in  th e  sc re e n in g  t e s t s  a d m in is te re d  to  a l l  p ro s p e c tiv e  s u b je c t s .  
The earphones w ere mounted in  MX 41-AR cush ions and h e ld  in  a s ta n d a rd  
headband. The b o ne-conduc tion  o s c i l l a t o r  was h e ld  i n  a  standaix i s p r in g -  
s t e e l  o s c i l l a t o r  headband.
The a c o u s t ic  o u tp u t o f  th e  a ir -c o n d u c tio n  system  was c a l ib r a te d  
by means o f  an aud iom eter c a l ib r a t io n  u n i t  (W estern E l e c t r i c  Condenser 
M icrophone Complement, Type IOO/DE used in  co n ju n c tio n  w ith  a W estern 
E l e c t r i c  m icrophone, Model 640 AA and a  H ew lett Packard  Vacuum Tube V o lt­
m e te r , Model 400H).
The o u tp u t o f  th e  bone-conduc tion  system  was e v a lu a te d  p e r io d ­
i c a l l y  w ith  th e  a id  o f  an A r t i f i c i a l  M asto id  (B e lto n e , Model 5A ).
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The S IS I t e s t  p ro ced u re  has been d e sc r ib e d  in  a  p re v io u s  s e c t io n .  
B r ie f ly ,  a  s t e a d y - s ta te  p u re  to n e  was p re s e n te d  a t  a  s e n s a tio n  l e v e l  o f  
20 dB n o n a u ra l ly  to  th e  p ro s p e c tiv e  s u b je c t .  An am p litude  in c rem en t o f  
one dB was added to  th e  s te a d y  to n e  a u to m a tic a l ly  once every  f iv e  seconds. 
The s u b je c t  was re q u e s te d  to  respond  to  each in c rem en t h e a rd . Twenty 
such in c rem en ts  were p re se n te d  and th e  number o f  re sp o n ses  re c o rd e d . I t  
was n e c e s s a ry  to  m easure th e  S IS I o n ly  a t  4000 cps s in c e  norm al h e a r in g  
a t  o th e r  f re q u e n c ie s  was r e q u ire d .  A sc o re  o f  s e v e n ty  p e r  c e n t was n eces­
s a ry  f o r  in c lu s io n  in  th e  ex p e rim en ta l g roup . The S IS I a p p a ra tu s  i s  an 
i n t e g r a l  component o f  th e  aud iom eter employed fo r  th e  s c re e n in g  p ro ce ­
d u re s .
The aud iom ete r was lo c a te d  in  th e  equipm ent room and th e  e a r ­
phones and b o n e-conduc tion  o s c i l l a t o r  w ere i n  th e  s u b j e c t 's  room o f  th e  
t e s t  s u i t e .  V isu a l c o n ta c t  between th e  c o n t ro l  room and th e  s u b je c t 's  
room was m a in ta in ed  th ro u g h  an a c o u s t i c a l ly - i s o la t e d  window. A p p ro p ria te  
a u d i to ry  c o n ta c t  was p ro v id ed  by a  ta lk -b a c k  system  in c o rp o ra te d  in  th e  
a u d io m e te r .
E xperim en ta l T e s t  A pparatus
F ig u re  2 r e p re s e n ts  a  f lo w  diagram  o f  th e  e x p e rim en ta l i n s t r u ­
m e n ta tio n  .
P u re - to n e  s t im u l i  were p ro v id ed  by one o f  two a u d io - o s c i l l a to r s  
(H ew le tt-P a ck ard , Model 200 ABR). The r is e -d e c a y  tim e (16 msec) was 
c o n t ro l le d  by an e l e c t r o n ic  sw itch  (G rason S ta d le r ,  Model 829C), The 
o u tp u t  o f  th e  e l e c t r o n i c  sw itch  was fe d  in to  th e  e x te r n a l  in p u t  o f  a 
speech  aud iom eter (Grason S ta d le r ,  Model 162) w hich p ro v id ed  th e  n e c e s ­








































F i g u r e  2 .  F lo w  diag ram o f  t h e  e x p e r i m e n t a l  a p p a r a t u s .
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s ig n a l  then  was d e l iv e re d  th ro u g h  one o f  two impedance m atching t r a n s ­
fo rm ers  (U n ited  T ransfo rm er Company, Model LS 33) to  a  f i l t e r  (A lliso n  
L abs, Model 2B) td iich  was a d ju s te d  to  p ass  o n ly  th o se  f re q u e n c ie s  above 
600 c y c le s . The second tra n s fo rm e r  m atched th e  im pedance o f  th e  f i l t e r  
and th e  s u b j e c t 's  earphone (S h arp e , Type E, Model H A -10). A w arning 
s ig n a l ,  produced by a w h ite -n o is e  g e n e ra to r  (Grason S ta d le r ,  Model 
E5593A), and c o n t ro l le d  by an a t te n u a to r  (H ew le tt-P ack ard , Model 350A) 
fe d  a  companion earphone . Both earphones w ere mounted in  dom e-type e a r -  
m uffs w ith  g e l a t i n - f i l l e d  cu sh ions and were h e ld  in  p la c e  by an a d ju s ta ­
b le  headband p ro v id ed  by th e  m a n u fa c tu re r .
S tim u lu s  d u ra tio n s  were c o n tro l le d  by th r e e  p a i r s  o f  p u lse  
g e n e ra to rs  (T e k tro n ix , Type 16 1 ), each  p a i r  t r ig g e r e d  by a  waveform gen­
e r a t o r  (T e k tro n ix , Type 1 6 2 ), The s tim u lu s  sequence and th e  d u ra t io n  o f  
th e  s i l e n t  i n t e r v a l  were a lso  c o n t ro l le d  by waveform and p u ls e  g en era ­
t o r s .  The o u tp u ts  o f  th e  p u ls e  g e n e ra to rs  c o n t ro l l in g  s tim u lu s  d u ra tio n s  
t r ig g e r e d  th e  e l e c t r o n i c  sw itc h , th u s  tu rn in g  th e  to n e  on and o f f .
A c o n t ro l  p a n e l ,  c o n ta in in g  a  cam -tim er ( I n d u s t r i a l  Cam Timer 
C o rp o ra tio n ) and s e v e ra l  sw itch es  p e rm itte d  i n i t i a t i o n  o f  th e  sequence 
o f  w arn ing  s ig n a l ,  r e f e re n c e  d u ra t io n ,  s i l e n t  i n t e r v a l ,  and e i t h e r  o f  th e  
com parison d u r a t io n s .  A p u sh -b u tto n  sw itch  on th e  fa c e  o f  th e  p an e l 
a c t iv a te d  th e  cam -tim er and began th e  sequence . A s u b j e c t 's  resp o n se  
r e a c t iv a te d  th e  cam -tim er f o r  each  su bsequen t p r e s e n ta t io n  o f  th e  s tim u­
l u s  seq u en ce . The cam -tim cr assem bly  c o n s is te d  o f  fo u r  m ic ro sw itc h e s .
The f i r s t  sw itc h  c o n t ro l le d  th e  c a m -tim e r 's  o p e ra t in g  p e r io d . The 
second sw itch  c o n t ro l le d  th e  p r e s e n ta t io n  o f  th e  w arn ing  s ig n a l .  The 
s ig n a l  was o n e -h a lf  second i n  d u ra tio n  and fo llow ed  by two seconds th e  
a c t iv a t io n  o f  th e  t im e r ,  w hether by th e  ex p erim en te r o r  th e  s u b je c t 's
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re sp o n se . The t h i r d  m icrosw itch  p e rm itte d  th e  v o lta g e  from a  d r y - c e l l  
b a t te r y  to  t r i g g e r  th e  waveform g e n e ra to r -p a ls e  g e n e ra to r  complex w hich 
c o n t ro l le d  th e  re fe re n c e  and com parison d u ra t io n s .  The fo u r th  sw itch  was 
in s e r te d  in  th e  l i n e  to  th e  t e s t  earphone . I t  was open d u rin g  th e  p e r io d  
th e  cam -tim er was in  o p e ra tio n  and c lo se d  o n ly  d u rin g  th e  tim e  th e  s tim ­
u l i  w ere b e in g  p re s e n te d  to  th e  s u b je c t .  The s e le c to r  sw itch  w hich con­
t r o l l e d  w hether th e  lo n g e r  o r  s h o r te r  com parison d u ra tio n  was p a ire d  w ith  
th e  r e fe re n c e  d u ra tio n  was a lso  mounted on th e  fa c e  o f  th e  c o n tro l  p a n e l .
The s u b je c t  was given an aluminum box w hich c o n ta in ed  a  th r e e -  
p o s i t i o n ,  sp r in g - lo a d e d , c e n te r -p o s i t io n e d ,  sw itc h  and a  p a i r  o f  l i g h t s ,  
one re d  and one b lu e . The s u b je c t  was in s t r u c te d  to  judge w hether th e  
com parison to n e  was lo n g e r  o r  s h o r te r  th an  th e  r e fe re n c e  to n e .  The judg­
ment was re p o r te d  by th e  s u b je c t 's  moving th e  sw itc h  to  an a p p ro p r ia te ly  
la b e le d  p o s i t io n .  A c o r r e c t  judgm ent l ig h te d  th e  b lu e  lamp w h ile  th e  red  
lamp inform ed th e  s u b je c t  o f  an in c o r r e c t  judgm ent. In  a d d i t io n ,  th e  
re sp o n se  a c t iv a te d  th e  cam -tim er sind re c y c le d  th e  s tim u lu s  sequence .
A p a i r  o f  lam ps, i d e n t i c a l  to  th o se  w hich inform ed  th e  s u b je c t  
o f  th e  c o r re c tn e s s  o f  h is  judgm ent, was mounted on th e  c o n tro l  p a n e l to  
p ro v id e  th e  ex p erim en te r w ith  th e  same in fo rm a tio n . Two c o u n te rs  (PIC- 
6 0 0 ), mounted on th e  p a n e l ,  k e p t sin a c c u ra te  coun t o f  th e  number o f  
c o r r e c t  re sp o n se s  and th e  t o t a l  number o f  re sp o n se s . The c o u n te rs  and 
lam ps a ls o  w ere a c t iv a te d  by th e  s u b je c t 's  re sp o n se  sw itc h .
E xperim en ta l C o n tro l Apijai’a tu s  
The s ig n a l  freq u en cy  was s e le c te d  w ith  th e  a id  o f  an i n t e r v a l  
t im e r  and co u n te r  (B erk e ley , U n iv e rsa l Eput and T im er, Model 7350, o r  
T r a n s is to r  S p e c i a l t i e s ,  In c o rp o ra te d , A p tim e te r, Model 2 6 1 ). F o llow ing
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a t e s t  s e t  th e  freq u en cy  was rech e ck ed . The i n t e r v a l  tim e r  a ls o  was used  
to  m easure and m o n ito r sam ples o f  s tim u lu s  and i n t e r v a l  d u ra tio n s  p r io r  
t o ,  d u r in g , and fo llo w in g  each  e x p e rim en ta l s e t .  A ll d u ra t io n s  were main­
ta in e d  w ith in  .5  msec o f  nom inal in te n d e d  d u ra t io n s .
P r io r  to  each  t e s t  s e t  th e  g a in  c o n tro l  o f  th e  speech  aud iom eter 
was a d ju s te d  so t h a t  th e  s ig n a l  peaked a t  "0" on th e  in s t r u m e n t 's  VU 
m e te r . F o llow ing  th e  t e s t  s e t ,  th e  VU m eter was a g a in  peaked to  in su re , 
th e  o u tp u t o f  th e  in s tru m e n t had n o t  changed.
A r is e -d e c a y  tim e o f  16 msec f o r  th e  to n a l  s t im u l i  was s e le c te d  
and m a in ta in ed  w ith  th e  a id  o f  an o s c i l lo s c o p e  (T e k tro n ix , Model 5 3 2 ).
In  a d d i t io n ,  an a p p ro p r ia te  system  to  p e rm it th e  ex p erim en te r 
to  m o n ito r a l l  s ig n a ls  a u d i t o r i a l l y  was p ro v id ed .
The earfdiones and s u b j e c t 's  re sp o n se  box w ere c o n ta in e d  in  th e  
s u b j e c t 's  room. The n o is e  l e v e l  i n  th e  room i s  below 30 dB a s  m easured 
on th e  " C  s c a le  o f  a sound l e v e l  m eter (G eneral R ad io , Model 759B). A ll 
o th e r  equipm ent d e sc r ib e d  above was c o n ta in e d  in  th e  a d ja c e n t c o n tro l  
room.
P rocedure
The purpose o f  th e  s tu d y  was to  d e te rm in e  th e  DLD in  th e  s u b je c t  
w ith  a  c o c h le a r  p a th o lo g y . The maximum h e a r in g  im pairm ent o f  th e  e x p e r i­
m en ta l group  was a t  4000 c p s . The DLD f o r  re fe re n c e  d u ra t io n s  o f  300,
500, and 1000 msec was d e term ined  a t  1000 and 4000 cps a t  10 dB and 50 dB 
s e n s a t io n  l e v e l s .  Thus, th e  DLD was a s se s se d  a t  th e  freq u en cy  a t  which 
th e  c o c h le a r  p a th o lo g y  was m a n ife s te d  (4000 cps) and a t  a  freq u en cy  a t  
w hich h e a r in g  was norm al (1000 c p s ) .  Comparisons o f  th e  DLD o b ta in e d  a t  
th e  two f re q u e n c ie s  was p o s s ib le  a s  w e ll  a s  com parison w ith  th e  DLDs
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o b ta in e d  from a  norm al group by M ilbum  (4 0 ) , em ploying an id e n t i c a l  p ro ­
cedure and s im i la r  in s tru m e n ta t io n .
Each re fe re n c e  d u ra tio n  was p a ire d  w ith  a  com parison d u ra t io n .  
The com parison d u ra tio n  was e i t h e r  lo n g e r  o r  s h o r te r  th an  th e  re fe re n c e  
d u ra tio n  by a p red e te rm in ed  amount ( A T ) ,
S e v e ra l v a lu e s  o f  ÛT were used  w ith  each r e fe re n c e  d u ra t io n .
The AT8 ranged  in  m agnitude from v a lu e s  which w ere d is c r im in a te d  w ith  
ea se  by a  n a iv e ,  u n p ra c tic e d  s u b je c t  to  d i f f e r e n c e s  which w ere im p o ss ib le  
to  d e t e c t .
Each t e s t  s e t  co n ta in ed  a s p e c i f i c  r e fe re n c e  d u ra tio n  p a ire d  
w ith  com parison d u ra+ ions w hich w ere e i t h e r  lo n g e r  o r  s h o r te r  th an  th e  
r e fe re n c e  d u ra t io n  by a  s p e c i f i c  AT, For exam ple, i f  th e  re fe re n c e  d u ra­
t i o n  was 300 msec and th e  AT was 50 msec, th e  c o n ^ a riso n  d u ra tio n  o f  any 
p a i r  was e i t h e r  25O msec o r  350 m sec, A random sch ed u le  d e term ined  
w hether th e  com parison d u ra t io n  o f  any p a i r  was lo n g e r  o r  s h o r te r  th a n  
th e  r e f e r e n c e .  Thus, d u rin g  a g iven  s e t  o f  t r i a l s ,  th e  s u b je c t  was r e ­
q u ire d  to  d is c r im in a te  b u t one AT,
The l a r g e s t  v a lu e  o f  AT was p re s e n te d  f i r s t .  When i t  had been 
d e term ined  t h a t  th e  s u b je c t  d is c r im in a te d  th e  d if f e r e n c e  betw een th e  
re fe re n c e  and com parison d u ra tio n s  a t  l e a s t  s e v e n ty - f iv e  p e r  c e n t o f  th e  
t im e , th e  n e x t sm a lle r  v a lu e  o f  AT was p re s e n te d , A s h o r t  r e s t  p e r io d  
was p ro v id ed  w h ile  th e  a p p a ra tu s  was a d ju s te d .  S u c c e s s iv e ly  sm a lle r  
v a lu e s  o f  AT.were p re s e n te d  u n t i l  th e  s m a l le s t  v a lu e  w hich cou ld  be d i s ­
c r im in a te d  s e v e n ty - f iv e  p e r  c e n t o f  th e  tim e had been  d e te n n in e d . T hat 
v a lu e  was d e f in e d  a s  th e  DLD,
S p e c i f i c a l ly ,  th e  f i r s t  d u ra tio n  d i f f e r e n c e s  th e  s u b je c ts  w ere 
asked  to  d is c r im in a te  w ere 60 , 100, and 200 msec f o r  th e  3OO, 500, and
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1000 msec r e fe re n c e  d u ra t io n s  r e s p e c t iv e ly .  Upon s u c c e s s fu l  d is c r im in a ­
t i o n  o f  th e s e  d i f f e r e n c e s ,  th e  m agnitude o f  th e  AT was red u ced . When 
th e  300 and 500 msec r e fe re n c e  d u ra tio n s  were em ployed, th e  fo llo w in g  
d i f f e r e n c e s  between r e fe re n c e  and com parison to n e s  were used  su c c e s s ­
iv e ly :  30 , 20 , 15, 10, and 5 m sec. When th e  s u b je c t  was u n ab le  to  d i f ­
f e r e n t i a t e  between to n e s  a t  th e  s e v e n ty - f iv e  p e r  c e n t l e v e l ,  th e  d u ra tio n  
d i f f e r e n c e  was in c re a s e d  fo u r  msec and t e s t i n g  c o n tin u ed . When t h a t  AT 
was s u c c e s s fu l ly  d is c r im in a te d ,  th e  AT was reduced  in  one msec s te p s  
u n t i l  th e  s m a lle s t  d if f e r e n c e  in  d u ra tio n  th a t  could be d is t in g u is h e d  was 
d e te rm in e d .
A f te r  s u c c e s s fu l  d is c r im in a t io n  o f  th e  200 msec d i f f e r e n c e  
between re fe re n c e  and com parison s t im u l i  a t  th e  1000 msec re fe re n c e  d u ra ­
t i o n  c o n d i t io n s ,  th e  fo llo w in g  v a lu e s  o f  AT w ere employed: 100, 60 , 50»
4 0 , 3 0 , 20 , 10, and 5 m sec. When th e  d i f f e r e n c e  became so sm all i t  cou ld  
n o t  be d is c r im in a te d ,  th e  d i f f e r e n c e  in  d u ra tio n  was in c re a s e d  f iv e  msec 
and t e s t i n g  co n tin u e d . No f u r th e r  d e c re a se  in  d if f e r e n c e  between to n e s  
was u t i l i z e d .  The DU) was d e f in e d  a s  th e  s m a lle s t  d if f e r e n c e  i n  d u ra tio n  
between th e  re fe re n c e  and com parison to n e s  t h a t  was d is c r im in a te d  sev en ty - 
f iv e  p e r  c e n t o f  th e  tim e . T h is  te c h n iq u e  r e p re s e n ts  a  m o d if ic a t io n  o f  
th e  method o f  l i m i t s .
F or each s e t  o f  AT, th e  number o f  c o r r e c t  re sp o n se s  needed to  
p a ss  th e  t a s k  ( s e v e n ty - f iv e  p e r  c e n t  c o r r e c t  re sp o n se ) a t  th e  .05  le v e l  
o f  co n fid e n ce  o r  f a i l  ( f i f t y  p e r  c e n t c o r r e c t  re sp o n se )  a t  th e  .01 le v e l  
o f  co n fid e n ce  was d ic ta t e d  by a  t a b le  (Appendix B) o f  s e q u e n tia l  a n a ly ­
s i s  (6 1 ) .  The u se  o f  s e q u e n t ia l  a n a ly s i s  o f  th e  re sp o n ses  reduced  th e  
number o f  s tim u lu s  p r e s e n ta t io n s  n e c e ssa ry  to  p e rm it a  d e c is io n  a s  to  
w hether th e  ta s k  had been passed  o r  f a i l e d ,  th u s  red u c in g  th e  tim e
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re q u ir e d  f o r  th e  t e s t .  S e q u e n tia l a n a ly s is  p e rm its  th e  ex p erim en te r th e  
a d d i t io n a l  advantage o f  s p e c ify in g  th e  co n fid en ce  l e v e l  a t  w hich th e  ta s k  
i s  p assed  o r  f a i l e d .
The freq u en cy  a s  w e ll as  th e  s e n s a tio n  l e v e l  o f  th e  s ig n a l  t h a t  
th e  s u b je c t  re c e iv e d  rem ained c o n s ta n t th ro u g h o u t a  t e s t  s e t .  The DLD 
(o b ta in e d  from each o f  th e  te n  s u b je c ts )  was m easured u nder tw elve  combi­
n a t io n s  o f  re fe re n c e  d u ra t io n ,  freq u en cy , and se n s a tio n  l e v e l .  Thus, 
tw e lv e  DLDs were o b ta in e d  from each s u b je c t .
A tw o - a l t e m a t iv e ,  fo rc e d -c h o ic e  te c h n iq u e , i n  w hich each  a l t e r ­
n a t iv e  had an equ a l l ik e l ih o o d  o f  o c c u rre n c e , was em ployed. Each s u b je c t  
was in s t r u c te d  (Appendix C) to  compare th e  d u ra tio n  o f  th e  second o f  two 
to n e s  to  th e  f i r s t .  He was to  in d ic a te  w hether th e  second to n e  was 
lo n g e r  o r  s h o r te r  than  th e  f i r s t  by moving a  sw itch  to  an a p p ro p r ia te ly  
la b e le d  p o s i t i o n .  The resp o n se  r e s u l t e d  in  an in d ic a t io n  to  th e  s u b je c t  
o f  th e  acc u racy  o f  th e  judgm ent, a  re c o rd in g  o f  th e  acc u racy  o f  th e  
re sp o n se  on th e  e x p e rim e n te r’ s c o n t ro l  p a n e l , and th e  i n i t i a t i o n  o f  
a n o th e r  p a i r  o f  s t im u l i  f o r  com parison. The tim e  between su c c e s s iv e  
p a i r s  o f  s t im u l i  was th u s  p a r t l y  determ ined  by th e  speed, w ith  w hich a 
s u b je c t  judged  and responded to  each  p a i r .  The sequence o f  e v e n ts  w hich 
fo llow ed  each  re sp o n se  was a s  fo llo w s  :
1 . A two second s i l e n t  i n t e r v a l
2 . A 500-msec w h ite -n o is e  w arning s ig n a l  to  th e  non­
t e s t  e a r
3 . An 800-msac s i l e n t  i n t e r v a l
4 .  The r e fe re n c e  s tim u lu s
5 . A 500-msec s i l e n t  i n t e r v a l
6 .  The com parison s tim u lu s
F ollow ing  in s t r u c t io n s  t o  th e  s u b je c t  r e l a t i v e  to  th e  e x p e r i­
m en ta l t a s k ,  th e  t e s t  earphone was p la c e d  o v er th e  a p p ro p r ia te  e a r  and 
th e  re sp o n se  box g iven  to  th e  s u b je c t .  T hresho ld  f o r  a  to n e  o f  appro­
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p r i a t e  freq u en cy  and d u ra tio n  was o b ta in ed  in  th e  t e s t  e a r .  An ascen d in g  
te c h n iq u e  em ploying two dB s te p s  was u t i l i z e d .
Once th re s h o ld  had been e s ta b l is h e d  and th e  i n t e n s i t y  o f  th e  
s t im u l i  a d ju s te d  to  th e  p ro p e r s e n s a tio n  l e v e l ,  th e  s u b je c t  was pi-ovided 
w ith  fo u r  p a i r s  o f  re fe ren c e -co m p a riso n  s t im u l i  in  o rd e r  to  f a m i l i a r iz e  
him w ith  th e  s ig n a l s .  The f i r s t  two p a i r s  combined th e  re fe re n c e  and 
lo n g e r  com parison s t im u l i  and th e  l a s t  two combined th e  re fe re n c e  and 
s h o r te r  com parison s t im u l i .  The s u b je c t  was inform ed o f  th e  o rd e r  o f  
p r e s e n ta t io n  and re q u ire d  to  respond  a p p ro p r ia te ly .
The t e s t  sequence o f  w arning s ig n a l  and re fe ren c e -co m p a riso n  
p a i r  was i n i t i a t e d  by th e  ex p e rim en te r . The s u b je c t  th e n  judged w hether 
th e  com parison s tim u lu s  was lo n g e r  o r  s h o r te r  th an  th e  re fe re n c e  s tim u lu s  
and responded  by moving th e  sw itch  a c c o rd in g ly . Im m ediate knowledge o f  
th e  acc u racy  o f  th e  judgm ent was p ro v id ed  by th e  system  o f  l i g h t s  on th e  
re sp o n se  box. The s u b je c t ’ s re sp o n se  was a ls o  reco rd ed  on th e  expie rim en­
t e r ’s  c o n tro l  p a n e l by th e  system  o f  l i g h t s  and c o u n te rs .  In  a d d i t io n ,  
th e  re sp o n se  a c t iv a te d  th e  cam -tim er. A nother p a i r  o f  s t im u l i  were th u s  
p re s e n te d  f o r  judgm ent. The p rece d in g  sequence o f  ev e n ts  was re p e a te d  as 
o f te n  a s  n e c e s s a ry  f o r  th e  s u b je c t  to  p ass  o r  f a i l  th e  ta s k  a cc o rd in g  to  
th e  t a b l e  o f  s e q u e n t ia l  a n a ly s i s .
Once th e  DLD f o r  a  g iven  com bination o f  r e fe re n c e  d u r a t io n ,  f r e ­
quency, and i n t e n s i t y  had been d e te rm in ed , a  r e s t  p e r io d  was p ro v id ed  and 
a n o th e r  com bination , p r e - s e le c te d  a t  random, was p re s e n te d . The p ro ce ­
d u re  d e sc r ib e d  above was fo llow ed  u nder each  s tim u lu s  com bination  and w ith  
each  s u b je c t .
As m ight be a n t ic ip a te d ,  th e  s u b je c ts  d i f f e r e d  a s  to  p r io r  ex­
p e r ie n c e  w ith  ta s k s  vdiich re q u ir e  c a r e fu l  l i s t e n i n g .  I n  o rd e r  to  reduce
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th e  e f f e c t  o f  p r io r  e x p e rie n c e , each s u b je c t  re c e iv e d  e x te n s iv e  p r a c t i c e .  
P r a c t ic e  d a ta  w ere c o l le c te d  from  a s u b je c t  fo r  e ig h t  com binations o f  r e f ­
e ren ce  d u ra t io n ,  freq u en cy , and s e n s a tio n  l e v e l  un d er ex p e rim en ta l cond i­
t i o n s .  S ince  th e se  d a ta  re p re s e n te d  p r a c t i c e ,  th e y  a re  n o t  r e p o r te d .  The 
ex p erim en t, i t s e l f ,  was conducted fo llo w in g  th e  p r a c t i c e .
S e v e ra l appo in tm en ts were re q u ire d  to  com plete th e  sc reen in g  
e v a lu a t io n ,  p r a c t i c e ,  and ex p e rim en ta l d e te rm in a tio n s  o f  th e  DLD. Sub­
j e c t s  were p a id  f o r  th e  tim e  r e q u ir e d .
The ex p e rim en ta l d e s ig n  d e sc r ib e d  above in c o rp o ra te s  s e v e ra l  f e a ­
tu r e s  w hich served  to  m inim ize ex p erim en ta l e r r o r ,  sam pling e r r o r ,  and 
in t e r s u b je c t  v a r i a b i l i t y .  These a r e :  (1) f re q u e n t c a l ib r a t io n  o f  th e
e x p e rim en ta l p a ra m e te rs , (2) th e  w arning s ig n a l ,  (3) th e  u se  o f  young sub­
j e c t s  who w ere h ig h ly  p r a c t ic e d  and rew arded f o r  t h e i r  tim e , (4 ) f re q u e n t 
r e s t  p e r io d s ,  (5) th e  te ch n iq u e  em ployed, which p rov ided  th e  s u b je c t  im­
m ed ia te  knowledge o f  th e  acc u racy  o f  h is  judgm ents and s e q u e n t ia l  a n a ly s is  
o f  th e  re sp o n se s .
The d a ta  o b ta in e d  w ere an a ly zed  s t a t i s t i c a l l y  by means o f  an 
a n a ly s i s  o f  v a r ia n c e  te c h n iq u e . A com p le te ly  random ized b lo c k  d e s ig n  was 
u t i l i z e d .  The a n a ly s is  o f  v a r ia n c e  perform ed by M ilburn (40) in c lu d e d  
d a ta  o b ta in e d  a t  25O cp s , a s  w e ll a s  th e  f re q u e n c ie s  o f  im portance  to  t h i s  
in v e s t ig a t io n .  In  a d d i t io n ,  th e  a n a ly s is  was perform ed on th e  r e l a t i v e  
DLD (A T /T ) r a th e r  th a n  th e  a b s o lu te  DLD (A T ) .  For th e se  re a s o n s , h is  
d a ta  f o r  1000 and 4000 cps w ere su b m itted  to  an a n a ly s is  o f  v a r ia n c e  
i d e n t i c a l  to  t h a t  perform ed on th e  d a ta  o f  th e  p re s e n t  s tu d y .
Summary
The purpose o f  th e  p re s e n t  s tu d y  was to  d e te rm in e  th e  e f f e c t  o f
50
c o c h le a r  p a th o lo g y  on th e  a b i l i t y  o f  th e  s u b je c t  to  d is c r im in a te  sm all 
d i f f e r e n c e s  in  th e  d u ra tio n  o f  su c c e s s iv e , p u re - to n e  s t im u l i .
The s tu d y  was d es ig n ed  to  m easure th e  d i f f e r e n c e  lim en  f o r  d u ra ­
t i o n  (DLD) a t  th r e e  re fe re n c e  d u ra t io n s ,  two f r e q u e n c ie s ,  and two sen sa­
t i o n  l e v e l s  in  s u b je c ts  w ith  c o c h le a r  p a th o lo g y . DLDs were o b ta in e d  fo r  
r e fe re n c e  d u ra tio n s  o f  3 00 , 5OO, and 1000 m sec. Pure to n e s  o f  1000 and 
4000 cps p re se n te d  a t  10 dB and 50 dB s e n s a tio n  le v e l s  were em ployed. 
Twelve DLDs f o r  each  o f  te n  s u b je c ts  were de te rm in ed .
The ex p e rim en ta l p roced u re  r e p re s e n ts  a  m o d if ic a t io n  o f  th e  
method o f  l i m i t s .  H igh ly  p r a c t ic e d ,  w e ll-m o tiv a te d  s u b je c ts  were u t i ­
l i z e d .  Im m ediate knowledge o f  r e s u l t s  and s e q u e n tia l  a n a ly s is  o f  th e  
re sp o n se s  were p ro v id ed .
CHAPTER IV 
RESULTS AND DISCUSSION 
In tro d u c t io n
The purpose o f  th e  p re s e n t  in v e s t ig a t io n  was to  d e te rm in e  th e  
e f f e c t  o f  c o c h le a r  p a th o lo g y  on th e  a b i l i t y  to  d is c r im in a te  sm all d i f f e r ­
ences in  th e  d u ra tio n  o f s u c c e s s iv e , p u re - to n e  s t im u l i .  The D iffe re n c e  
Limen fo r  D ura tion  (DLD) was o b ta in e d  from te n  s u b je c ts  w ith  a c o u s tic  
traum a a t  th r e e  re fe re n c e  d u ra t io n s  ( 300, 500, and 1000 m sec), two sen sa­
t i o n  le v e ls  (10 and 50 dB), and two fre q u e n c ie s  (1000 and 4000 c p s ) .  The 
s u b je c t s  s e le c te d  met r ig o ro u s  c r i t e r i a  as  to  th e  e t io lo g y  and e x te n t  o f  
th e  h e a r in g  l o s s .  In  a d d i t io n ,  th e y  w ere p r a c t ic e d  e x te n s iv e ly  p r io r  to  
th e  ex p erim en t, were given  im m ediate knowledge as  to  th e  acc u racy  o f  
t h e i r  perfo rm ance, and were f i n a n c i a l l y  rew arded f o r  t h e i r  p a r t i c ip a t io n .
5y p re s e n tin g  1000 and 4000-cps to n e s  to  s u b je c ts  w ith  a c o u s tic  
trau m a, m easurem ents o f  th e  DID were o b ta in ed  a t  one freq u en cy  a t  w hich 
h e a r in g  was norm al (1000 cp s) and a t  one freq u en cy  where a  lo s s  due to  a 
c o c h le a r  p a th o lo g y  e x is te d  (4000 c p s ) .  Thus, by com paring th e  DLD ob­
ta in e d  a t  th e  two fre q u e n c ie s  an in d ic a t io n  o f  th e  e f f e c t  o f  th e  c o c h le a r  
p a th o lo g y  cou ld  be o b ta in e d .
M ilbum  (40) in  a  p re v io u s  s tu d y  em ploying an i d e n t i c a l  te c h ­
n iq u e  and e s s e n t i a l l y  th e  same a p p a ra tu s ,  o b ta in e d  DLDs from norm al sub­
j e c t s  a t  th e  same com binations o f  r e f e r e n c e ,  d u ra t io n ,  s e n s a tio n  l e v e l ,
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and freq u en cy  a s  were used  in  th e  p re s e n t  s tu d y . The DLDs o b ta in e d  from 
th e  p a th o lo g ic a l  s u b je c ts  o f  th e  p re s e n t  in v e s t ig a t io n  were compared w ith  
th o se  o b ta in e d  under i d e n t i c a l  c o n d itio n s  from th e  norm al s u b je c ts  o f  
M ilb u m 's  s tu d y .
The s t im u l i  c o n s is te d  o f  a  p a i r  o f  to n e s  i d e n t i c a l  in  frequency  
and i n t e n s i t y  b u t d i f f e r i n g  in  d u ra t io n .  The r e fe re n c e  to n e  alw ays p re ­
ceded th e  com parison to n e  by a  f ix e d  s i l e n t  i n t e r v a l .  The com parison 
to n e  was e i t h e r  lo n g e r  o r  s h o r te r  th an  th e  re fe re n c e  to n e  by a  p r e d e te r ­
mined d u ra tio n  ( ^ T ) .  The s u b je c t ’ s t a s k  was to  r e p o r t  w hether a g iven  
p a i r  o f  to n e s  co n ta in ed  th e  lo n g e r  o r  s h o r te r  com parison s tim u lu s .  The 
d i f f e r e n c e  between th e  re fe re n c e  and com parison to n e s  was d im in ished  
u n t i l  th e  s m a l le s t  d i f f e r e n c e  in  d u ra tio n  th e  s u b je c t  cou ld  d e te c t  con­
s i s t e n t l y  was d is c o v e re d . T h is  d if f e r e n c e  was d e f in e d  as  th e  DLD f o r  
t h a t  s u b je c t  f o r  th a t  com bination o f  re fe re n c e  d u ra t io n ,  s e n s a tio n  l e v e l ,  
and freq u en cy .
The DLD f o r  each  com bination  o f  re fe re n c e  d u ra t io n ,  s e n s a tio n  
l e v e l ,  and freq u en cy  was averaged  o v er s u b je c t s .  The d a ta  o b ta in e d  by 
th e  p ro ced u re s  o u t l in e d  above a r e  l i s t e d  in  T ab le  2 and w i l l  be d isc u sse d  
in  su b seq u en t s e c t io n s  in  te rm s o f  t h e i r  m agnitude, th e  e f f e c t s  o f  r e f ­
e ren c e  d u ra t io n ,  freq u en cy , s e n s a tio n  l e v e l ,  and s u b je c t  v a r i a b i l i t y .
In  a d d i t io n ,  com parisons w ere made w ith  th e  d a ta  o b ta in e d  from norm al 
s u b je c ts  by M ilb u m , w hich may be found in  T able 1 .
M agnitude o f  th e  DLD
The mean D iffe re n c e  Limen f o r  D u ra tio n  o b ta in e d  from th e  te n  sub­
j e c t s  o f  t h i s  s tu d y , averaged  o v e r a l l  tw elve  e x p e rim en ta l c o n d i t io n s ,  was
19 .2  m sec. The mean DID o b ta in e d  a t  each o f  th e  ex p e rim en ta l c o n d itio n s
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h as  been p lo t te d  in  F ig u re  3. I t  may be observed  t h a t  th e  s iz e  o f  th e  
DID f o r  th e  tw e lv e  c o n d itio n s  ran g es  from 10,6 msec f o r  th e  300-m sec, 
50-dB, 4000-cps s tim u lu s  to  32 .5  msec f o r  th e  1000-m sec, 10-dB, 4000-cps 
c o n d i t io n .  The s m a l le s t  DID o b ta in e d  a s  raw d a ta  (Appendix D) was th r e e  
msec and th e  l a r g e s t  was f i f t y - f i v e  m sec, a  ran g e  o f  f i f ty - tw o  m sec.
Under e x p e rim en ta l c o n d itio n s  which d i f f e r e d  o n ly  w ith  re g a rd  to  
s u b je c t  s e le c t io n ,  M ilbum  (40) o b ta in e d  a  mean DID f o r  a l l  ex p erim en ta l 
c o n d itio n s  o f  17 .8  m sec. In s p e c tio n  o f  T able 1 r e v e a ls  t h a t  th e  300- 
m sec, 50-dB, 1000-cps and th e  1000-m sec, 10-dB, 1000-cps mean DLDs o f
7 .2  and 33 .0  msec r e s p e c t iv e ly  c o n s t i tu te d  th e  extrem e mean v a lu e s  ob­
ta in e d  f o r  th e  tw elve  expeirim ental c o n d i t io n s .  The s m a lle s t  and l a r g e s t  
DLD o b ta in e d  from any o f  th e  norm al h e a rin g  s u b je c ts  o f  h is  s tu d y  a re  
i d e n t i c a l  to  th o s e  re p o r te d  in  th e  p reced in g  p a rag rap h  f o r  th e  s u b je c ts  
o f  th e  p re s e n t  s tu d y . An a n a ly s i s  o f  v a r ia n c e  (Appendix E) a p p lie d  to  
th e  d a ta  o f  th e  two s tu d ie s  r e s u l t e d  in  an F o f  0 ,4 4  w hich in d ic a te s  
t h a t ,  w ith in  th e  l i m i t s  o f  th e s e  s tu d ie s ,  s u b je c ts  w ith  a c o u s t ic  traum a 
do n o t  d i f f e r  a t  th e  .05 co n fid en ce  l e v e l  from norm al s u b je c ts  w ith  r e ­
gard  to  th e  a b i l i t y  to  d is c r im in a te  sm all d i f f e r e n c e s  i n  th e  d u ra tio n  o f  
su c c e s s iv e  p u re  to n e  a u d ito ry  s t im u l i .
Comparisons between F req u en c ies  
S u b je c ts  w ith  a c o u s t ic  traum a w ere employed in  th e  p re s e n t  
in v e s t ig a t io n  because th e y  ty p i c a l l y  p re s e n t  a  h e a r in g  lo s s  w hich i s  
s p e c i f i c  a s  to  s i t e  o f  le s io n  and a s  to  th e  freq u en cy  ran g e  a f f e c te d .  
T hus, th e  s u b je c ts  o f  t h i s  s tu d y  m a n ife s t norm al h e a r in g  a t  1000 cps and 
h e a r in g  lo s s  due to  a  c o c h le a r  p a th o lo g y  a t  4000 c p s .













Reference D u ratio n  (msec)
F ig u re  3 . Mean DLDs a t two freq u en c ies  and two sensation  le v e ls  as a fu n c tio n  
o f re fe re n c e  d u ra tio n .
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The mean DLD averaged  o v er th e  th r e e  re fe re n c e  d u ra tio n s  and 
th e  two s e n s a tio n  le v e ls  f o r  1000 and 4000 cps was 19.0 and 19 .3  m sec, r e ­
s p e c t iv e ly .  An a n a ly s is  o f  v a r ia n c e  (Appendix E) in d ic a te d  th e  observed
d if f e r e n c e  between th e  two -freq u en c ies  i s  n o t  s i g n i f i c a n t  (F = 0 .013  
P >  .0 5 ) .
When a  s im i la r  be tw een -frequency  com parison o f  M ilb u rn 's  d a ta  i s  
perform ed (Appendix B ), th e  mean DLDs o f  18 ,2  and 17 .4  msec f o r  1000 and 
4000 c p s , r e s p e c t iv e ly ,  a r e  n o t  found to  be s ig n i f i c a n t  (F = 0.370 
P > . 0 5 ) .
Com parisons o f  th e  mean DLDs o b ta in e d  by M ilburn  (40) from norm al 
s u b je c ts  w ith  th o se  from th e  p a th o lo g ic a l  s u b je c ts  o f  th e  p re s e n t  s tu d y
a re  d is p la y e d  in  T ab le  3 and F ig u re s  7 th ro u g h  12.
Between S tu d ie s
In  F ig u re  7 , th e  two s tu d ie s  a re  compared w ith  re g a rd  to  th e
mean DLD o b ta in e d  f o r  1000 cps a t  th e  10-dB s e n s a tio n  le v e l  a s  a fu n c tio n
o f  r e fe re n c e  d u r a t io n .  The norm al s u b je c ts  w ere s l i g h t l y  more s e n s i t iv e  
th an  th e  p a th o lo g ic a l  s u b je c ts  a t  th e  300-msec re fe re n c e  d u ra tio n  and
l e s s  s e n s i t i v e  a t  th e  500-msec and 1000-msec c o n d i t io n s .  The l a r g e s t  d i f ­
fe re n c e  betw een s tu d ie s ,  2 .5  m sec, i s  a t  th e  l a s t  c o n d it io n .
The s tu d ie s  a re  compared a t  th e  1000-cps, 50-dB s e n s a tio n  le v e l  
c o n d itio n  in  F ig u re  8 ,  M ilb u m ' s  norm al s u b je c ts  a r e  more s e n s i t i v e  a t  
th e  300-msec and 1000-msec c o n d itio n s  and l e s s  s e n s i t i v e  a t  th e  500-msec 
c o n d itio n  th a n  th e  p a th o lo g ic a l  s u b je c t s .  The l a r g e s t  d i f f e r e n c e  between 
g ro u p s , ag a in  u n d er th e  1000-msec c o n d it io n , i s  4 .5  m sec.
F ig u re  9 r e p re s e n ts  a  com parison between th e  two s tu d ie s  a t  
1000 cps averaged  a c ro s s  s e n s a tio n  l e v e ls  a s  a  fu n c tio n  o f  r e fe re n c e  d u ra­
t i o n .  The l a r g e s t  d i f f e r e n c e  between s tu d ie s ,  2 .8  m sec, o ccu rs  a t  th e
TABLE 3
MEAN DIFFERENCE LE-EMS FOR DURATION FX)R TEN SUBJECTS IVTTH ACOUSTIC 
TRAUMA (PRESENT STUDY) COMPARED VrtTH DATA OBTAINED FROM N0R2-IAL 
SUBJECTS BY MILBURÎ] AT IDENTICAL CONDITIONS OF REFERENCE 
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M ilbum
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Study
10 12.8 14.4 11.9 15.2
300
50 7.2 11.1 7.9 10.6
10 15.0 13.7 14.3 17.8
500
50 13.7 12.5 13.5 13.1
10 33.0 30.5 31.5 32.5
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Figure 7. Mean DLDs at 1000 cps at . 10 dB se n s a t io n  lev e l  obta ined  from normal
s u b j e c t s  by Milburn (4 0 ) and from th e 'p a th o lo g ie s  I s u b j e c t s  o f  the presen t study as
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Figure  8 .  Mean DLD at  1000 cps at 50 dB s e n sa t io n  leve l  obta ined  from normal
s u b j e c t s  by Milburn (4â) and from the p a th o lo g ic a l  s u b je c t s  o f  th e  p resen t  study a s
a fu n ction  o f  r e fe r en ce  d uration .
-o  P a th o lo g ic a l su b jec ts










R eference D u ra tio n  (msec)
F igu re  9 .  Mean OLD at 1000 cps averaged over se n sa t io n  l e v e l s  ob ta in ed  from
normal s u b j e c t s  by Ml I burn I4(J) and from the p a th o lo g ic a l  s u b je c t s  o f  the  presen t
study as  a fu n c tio n  o f  r e fe r e n c e  d u ra t io n .
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300-msec re fe re n c e  d u ra tio n  w h ile  th e  d if f e re n c e  o f  one msec a t  th e  1000-  
msec re fe re n c e  d u ra tio n  i s  th e  s n u il le s t .  At b o th  o f  th e s e  d u ra t io n s ,  th e  
norm al h e a rin g  s u b je c ts  y ie ld e d  th e  sm a lle r  mean DLD w h ile  th e  sm a lle r  
DID a t  th e  rem ain ing  d u ra tio n  was o b ta in e d  from th e  p a th o lo g ic a l  sub­
j e c t s .
When th e  mean DLD a t  1000 cps ( th e  frequency  a t  w hich b o th  groups 
have norm al h e a r in g )  i s  averaged  a c ro s s  s e n s a tio n  l e v e l s  and re fe re n c e  
d u ra t io n ,  a d i f f e r e n c e  o f  0 .8  msec between groups i s  o b se rv ed , w ith  M il­
bum  *s group y ie ld in g  th e  sm a lle r  DLD.
F ig u re  10 p o r tra y s  th e  mean DLD f o r  each group o b ta in ed  f o r  4000 
cps a t  10-dB se n sa tio n  l e v e l  as  a fu n c tio n  o f  re fe re n c e  d u ra t io n .  I t  may 
be r e a d i ly  observed  t h a t  th e  norm al group i s  more s e n s i t i v e  a t  each  r e f ­
e ren c e  d u ra t io n .  The d if f e r e n c e s  between groups range from 1 .0  to  3*5 
msec a t  th e  1000 and 500-msec r e fe re n c e  d u ra t io n s ,  r e s p e c t iv e ly .
Under th e  50-dB s e n sa tio n  l e v e l ,  a s  d isp la y e d  in  F ig u re  11, th e  
m agnitude o f  d i f f e r e n c e s  betw een groups a t  4000 cps ran g es  from 0 .4  to  
2 .5  m sec. The p a th o lo g ic  group i s  ag a in  l e s s  s e n s i t iv e  a t  two o f  th e  
th r e e  re fe re n c e  d u r a t io n s .
The d i f f e r e n c e  betw een s tu d ie s  a t  4000 c p s , averaged  a c ro s s  sen­
s a t io n  l e v e l s ,  i s  p lo t te d  as  a  fu n c tio n  o f  re fe re n c e  d u ra tio n  in  F ig u re  
12. The norm al s u b je c ts  employed by M ilbum  y ie ld e d  a sm a lle r  mean DID 
a t  ev e ry  re fe re n c e  d u ra tio n  th an  d id  th e  s u b je c ts  w ith  a  c o c h le a r  p a th ­
o lo g y . The m agnitude o f  d i f f e r e n c e  ranged from 1 .2  to  4 ,0  msec a t  th e  
1000 and 300-msec r e fe re n c e  d u r a t io n s ,  r e s p e c t iv e ly ,
A mean DLD a t  4000 c p s , averaged  a c ro s s  s e n s a tio n  le v e l s  and 
r e fe re n c e  d u r a t io n s ,  o f  17 .4  was o b ta in e d  f o r  th e  group o f  s u b je c ts  who 
had norm al h e a rin g  a t  t h a t  freq u en cy . The s u b je c ts  w ith  c o c h le a r  p a th o l-
a_ia
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F igure  10. Mean DLD at 4000 cps at 10 dB s e n sa t io n  lev e l  obta ined  from normal
s u b j e c t s  by Milburn (4fi) and from the p a th o lo g ic a l  s u b j e c t s  o f  the  p resen t  study as  a
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R eference D u ra tio n  (msec)
F ig u re  I I .  Wean DLD a t 4000 cps a t 50 dB sensation  le v e l ob ta ined  from normal 
s u b jec ts  by M ilb u rn  end from the  p a th o lo g ic a l su b je c ts  o f th e  present study as a
■o P a th o lo g ic a l su b jec ts  





R eference D u ra tio n  (msec)
Figure 12. Mean DLD at 4000 cps averaged a c r o ss  se n sa t io n  l e v e l s  ob ta in ed  from
normal s u b j e c t s  by Milburn (^O) and from the p a th o lo g ic a l  s u b je c t s  o f  the presen t  study
as  a fu n ction  o f  r e fe r e n c e  duration .
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ogr y ie ld ed  a mean DLD o f 19.3 a t  4000 cps. The mean d iffe re n c e  between 
groups a t  1000 cps and 4000 cp s, re s p e c tiv e ly , was 0 .8  and 1.9 msec.
When th e  two s tu d ie s  a re  com pared, ex p e rim en ta l c o n d itio n  by 
ex p e rim en ta l c o n d it io n , as in  F ig u re s  7 ,  8 , 10, and 11, th e  l a r g e s t  d i f ­
fe re n c e  in  mean DLD observed  between groups i s  4 .5  m sec, w hich was ob­
ta in e d  under th e  1000-cps, 1000-m sec, 50-dB c o n d it io n . T h is d i f f e re n c e  
i s  c o n s id e ra b ly  sm a lle r  than  th e  l e a s t  d i f f e r e n c e  n e c e s sa ry  to  be s ig n i f ­
i c a n t  (LSD .05 = 7 . 2 0 ) .  Thus, i t  may be s a id  t h a t  th e  group w ith  norm al 
h e a r in g  and th e  group w ith  a c o c h le a r  p a th o lo g y  do n o t d i f f e r  s i g n i f i ­
c a n t ly  in  t h e i r  a b i l i t y  to  d is c r im in a te  sm all d i f f e r e n c e s  i n  d u ra tio n  
under any o f  th e  ex p erim en ta l c o n d itio n s  o f  th e  p re s e n t  s tu d y .
Summary
The mean D iffe re n c e  Limen f o r  D u ra tio n  o b ta in e d  f o r  1000 and 
4000-cps to n e s  a t  r e fe re n c e  d u ra tio n s  o f  3OO, 500» and 1000 msec and a t  
10-dB and 50-dB se n sa tio n  l e v e ls  from te n  s u b je c ts  w ith  a c o u s tic  traum a 
a re  compared in  F ig u re s  4 ,  5» and 6 . The d if f e r e n c e  between f re q u e n c ie s  
a t  each  ex p erim en ta l c o n d itio n  ran g es  from 0 .5  to  5 .5  msec a t  th e  300-  
m sec, 50-dB, and 1000-m sec, 50-dB c o n d it io n s ,  r e s p e c t iv e ly .  At th o se  ex­
p e r im e n ta l c o n d itio n s  th e  DLD a t  4000 cps i s  sm a lle r  than  1000 c p s . At 
th e  o th e r  fo u r  c o n d itio n s  th e  converse  i s  t r u e .  When th e  DLD f o r  th e  two 
f re q u e n c ie s  i s  averaged  o v er s e n s a tio n  le v e l  and d isp la y e d  a s  a  fu n c tio n  
o f  re fe re n c e  d u ra tio n  (F ig u re  5)» th e  d if f e r e n c e  between fre q u e n c ie s  
ran g es  from .1 msec a t  th e  300-msec r e fe re n c e  d u ra tio n  to  2 .4  msec a t  th e  
1000-msec d u ra t io n .
A veraging th e  DU) o b ta in e d  a t  each  com bination  o f  re fe re n c e  du r­
a t io n  and s e n s a tio n  le v e l  f o r  each freq u en cy  r e v e a ls  a  mean d i f f e r e n c e
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between freq u en c ies  o f  on ly  .3 msec, a d if fe re n c e  which i s  n o t s i g n i f i ­
can t a t  th e  .05 le v e l  o f  confidence.
The d a ta  o b ta in e d  from th e  p a th o lo g ic a l  s u b je c ts  o f  th e  p re s e n t  
s tu d y  a r e  compared w ith  th e  d a ta  o b ta in e d  by M ilburn  (40) from s u b je c ts  
w ith  norm al h e a rin g  in  T ab le  3 and F ig u re s  7 th rough  12. The d i f f e r e n c e  
between s tu d ie s  a t  th e  two f re q u e n c ie s  averaged  a c ro s s  se n s a tio n  le v e l  and 
re fe re n c e  d u ra tio n  was .8  and 1 .9  msec f o r  th e  1000 and 4000-cps to n e s ,  
r e s p e c t iv e ly .  When th e  mean DLD o b ta in e d  f o r  each  com bination o f  f r e ­
quency , r e fe re n c e  d u ra t io n ,  and s e n s a tio n  le v e l  a re  compared d i r e c t l y ,  th e  
d i f f e r e n c e  between s tu d ie s  ran g es  from .4  to  4 .5  msec f o r  th e  400 0 -cp s, 
300-m sec, 5--dB  and 1000-cps, 1000-m sec, 50-dB c o n d i t io n s ,  r e s p e c t iv e ly .  
None o f  th e  observed  d if f e r e n c e s  a re  s ig n i f i c a n t  a t  th e  .05 l e v e l  o f  con­
f id e n c e .
Com parisons among R eference  D u ra tio n s
The D if fe re n c e  Limen fo r  D u ra tio n  was m easured a t  each o f  th re e  
r e fe re n c e  d u ra t io n s  (300, 5OO, and 1000 m sec). The mean DLD a t  each  s tim ­
u lu s  freq u en cy  and a t  each  s e n sa tio n  l e v e l  i s  p o r tra y e d  a s  a  fu n c tio n  o f  
r e fe re n c e  d u ra tio n  in  F ig u re  3 . These cu rv es  w i l l  be d is c u s se d  s e p a r ­
a t e l y .
1000 cps
The mean DLDs o b ta in e d  a t  1000 cps a r e  d isp la y e d  in  F ig u re  I 3 .
The 10-dB s e n s a tio n  le v e l  fu n c tio n  f a l l s  s l i g h t l y  between th e  3OO and 500- 
msee r e fe re n c e  d u ra tio n s  and th e n  r i s e s  m o d era te ly  between 500 and 1000 
m sec. The 50-dB fu n c tio n  r i s e s  s l i g h t l y  from 3OO to  500 msec and th e n  
more s h a rp ly  between th e  5OO and 1000-msec re fe re n c e  d u r a t io n s .  The d i f ­
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F ig u re  13. Mean OLD fo r  1000 cps a t two sensation le v e ls  as a fu n c tio n  of 
re fe re n c e  d u ra tio n .
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th e  DLD o b ta in e d  a t  1000-msec d u ra tio n  i s  more than  tw ice  th e  v a lu e  o f  
th e  500-msec DLD a t  b o th  s e n s a tio n  l e v e l s .
4000 cps
F ig u re  14 p re s e n ts  th e  mean DLD o b ta in e d  a t  4000 cp s . At bo th  
th e  10 and 50-dB s e n s a tio n  l e v e ls  th e  fu n c tio n  r i s e s  s l i g h t l y  between 
th e  300 and 500-msec r e fe re n c e  d u r a t io n s .  Again th e  DLD a t  1000 msec 
i s  ap p ro x im ate ly  tw ic e  th e  m agnitude o f  th e  500-msec d u ra t io n .
When th e  mean DLD i s  averaged  a c ro s s  s e n s a tio n  l e v e l s  and f r e ­
q u e n c ie s , a s  p o rtra y e d  in  F ig u re  I 5 , th e  grow th in  m agnitude o f  th e  DLD 
w ith  an in c re a s e  in  r e fe re n c e  d u ra tio n  i s  a p p a re n t. An a n a ly s is  o f  v a r i ­
ance in d ic a te d  t h a t  th e  d i f f e r e n c e s  among th e  DLDs a t  th e  v a r io u s  r e f e r ­
ence d u ra tio n s  a re  s ig n i f i c a n t  beyond th e  ,01 con fidence  l e v e l .
For pu rposes o f  com parison , e q u iv a le n t d a ta  from M ilb u m 's  (40) 
s tu d y  a re  a ls o  p lo t te d  in  F ig u re  15. I t  may be observed  t h a t  th e  g r e a t ­
e s t  d i f f e r e n c e  between s tu d ie s  (2 .8  msec) e x i s t s  a t  th e  300-msec r e f e r ­
ence d u r a t io n .  At th e  1000 and 500-nsec d u ra t io n s ,  th e  s tu d ie s  d i f f e r  by 
1.1 and 1 .2  m sec, r e s p e c t iv e ly .
Mencke (3 8 ) , who in v e s t ig a te d  th e  DLD a t  re fe re n c e  d u ra tio n s  o f  
40 , 6 0 , 8 0 , and 100 m sec, and M ilburn (40) co n fin ed  t h e i r  d is c u s s io n  o f  
th e  DLD a s  a  fu n c tio n  o f  r e fe re n c e  d u ra tio n  to  th e  r e l a t i v e  DLD ( 6 T /T ) 
r a t h e r  th a n  to  th e  a b s o lu te  DLD (A T ) .  T hat i s ,  th e y  were concerned  w ith  
w hether th e  r e l a t i v e  DLD rem ained c o n s ta n t a c ro s s  r e fe re n c e  d u ra t io n .  
Mencke ( 38) concluded t h a t  th e  r a t i o  was n o t c o n s ta n t ,  b u t  in c re a s e d  as 
th e  r e fe re n c e  d u ra tio n  sh o r te n e d , M ilburn  (40) found t h a t  th e  s iz e  o f  
th e  r e l a t i v e  DID was dependent on re fe re n c e  d u ra t io n ;  th e  e f f e c t  be ing  
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F ig u re  14. Mean DLD fo r  4000 cps a t two sensation  le v e ls  as a fu n c tio n  o f re fe ren ce  
d u ra tio n .
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Figure 15. Mean OLD averaged a c r o ss  s e n s a t io n  l e v e l s  and fre q u en c ie s  obta ined
from normal s u b j e c t s  by Milburn (4 0 ) and from the p a th o lo g ic a l  s u b je c t s  o f  the present
study as  a fu n ction  o f  r e fe r en ce  duration .
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In s p e c tio n  o f  F ig u re  15 in d ic a te s  t h a t  th e  r e l a t io n s h ip  between 
th e  a b s o lu te  DLD and re fe re n c e  d u ra tio n  may be l i n e a r .  In  o rd e r  to  i n ­
v e s t i g a te  th e  p o s s i b i l i t y  f u r th e r ,  th e  mean a b s o lu te  DLD o b ta in e d  a t  1000 
and 4000 cps by Mencke (38) and M ilburn (40) em ploying n o rm al-h ea rin g  
s u b je c ts  has been averaged  a c ro s s  f re q u e n c ie s  and s e n s a tio n  le v e l s  and i s  
p lo t te d  a s  a fu n c tio n  o f  r e fe re n c e  d u ra tio n  in  F ig u re  16 . The in v e s t ig a ­
t i o n s  employed i d e n t i c a l  a p p a ra tu s  and p ro ced u res  to  in v e s t ig a te  th e  mag­
n itu d e  o f  th e  DLD w ith in  two ran g es  o f  re fe re n c e  d u r a t io n s .  In  F ig u re  16, 
th e  lo n g  l i n e  r e p re s e n ts  th e  r e g re s s io n  o f  mean DLD on re fe re n c e  d u ra­
t i o n  (54) and th e  p o in ts  r e p r e s e n t  th e  observed  mean DLD. The Sample Re­
g re s s io n  C o e f f ic ie n t  (0 .0276) in d ic a te s  th e  mean DLD in c re a s e s  2 .76  msec 
f o r  e v e ry  100-msec in c re a s e  in  re fe re n c e  d u ra t io n .  The d a ta  from th e  
p r e s e n t  s tu d y  have been p lo t te d  in  a s im i la r  fa sh io n  in  F ig u re  16. A 
Sample R eg ress io n  C o e f f ic ie n t  o f  0 .0265 was o b ta in e d .
Summary
The mean DLDs a r e  p lo t te d  a s  a  fu n c tio n  o f  r e fe re n c e  d u ra tio n  in  
F ig u re  3 . In  g e n e ra l ,  i t  may be s a id  t h a t  th e  DID in c re a s e s  i n  m agnitude 
l i n e a r l y  w ith  an in c re a s e  in  re fe re n c e  d u ra t io n .  In  th e  p r e s e n t  s tu d y , 
th e  s o le  e x c e p tio n  was f o r  th e  1000-cps, 10-dB s e n s a tio n  l e v e l  curve in  
w hich a s l i g h t  d e c re a se  (0 .7  msec) in  th e  mean DLD between th e  300-msec 
and 500-m sec r e fe re n c e  d u ra tio n s  was o b se rv ed . In  n o rm a l-h ea rin g  sub­
j e c t s ,  th e  mean DLD a p p a re n tly  in c re a s e s  i n  m agnitude 2 .76  msec f o r  every  
100-msec in c re a s e  i n  r e fe re n c e  d u ra tio n  betw een 40 and 1000 m sec.
Comparison between S e n sa tio n  L evels
D i f f e r e n t i a l  s e n s i t i v i t y  to  th e  d u ra tio n  o f  su c c e s s iv e  p u re  to n e  
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F ig u re  16. Mean OLD averaged over two freq u en c ies  (1000 and 4000 cps) and two 
sensation  le v e ls  (10 and 50 dB) o b ta in ed  from normal su b je c ts  by Mencke (28) and 
M ilb u rn  (4 0 ) and from the p a th o lo g ic a l su b je c ts  o f the  p resent study as a fu n c tio n  
o f re fe re n c e  d u ra tio n .
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f o r  a 1000-cps to n e  a t  th e  two i n t e n s i t i e s  a s  a fu n c tio n  o f  re fe re n c e  
d u ra tio n  a re  d isp la y e d  in  F ig u re  13 . The d a ta  f o r  4000 cps i s  p lo t te d  
in  s im i la r  fa s h io n  in  F ig u re  14.
1000 ops
In s p e c tio n  o f  F ig u re  13 in d ic a te s  t h a t  th e  DLD a t  th e  1000-msec 
r e fe re n c e  d u ra tio n  f o r  a  1000-cps s tim u lu s  i s  1 ,5  msec l a r g e r  a t  th e  
50-dB se n s a tio n  l e v e l  th an  a t  the* 10-dB l e v e l .  A t. th e  300-msec and 500- 
msec r e fe re n c e  d u ra tio n s  th e  DLD i s  s m a lle r  by 3 .3  and 1 ,2  msec, re sp e c ­
t i v e l y ,  f o r  th e  more in te n s e  s t im u l i ,
4000 cps
The r e l a t io n s h ip  between s e n s a tio n  l e v e l s  i s  more c o n s is te n t  
f o r  th e  4000-cps freq u en cy . F ig u re  14 r e v e a ls  t h a t  th e  DLDs o b ta in e d  a t  
50 dB a r e  fjrom 4 ,6  to  6 ,0  msec sm a lle r  th an  th o s e  o b ta in e d  a t  10 dB.
When th e  mean DLD a t  each s e n s a tio n  l e v e l  i s  averaged  a c ro s s  
f re q u e n c ie s  and re fe re n c e  d u r a t io n s ,  a  d i f f e r e n c e  o f  3.1 msec betw een th e  
10 and 50-dB c o n d itio n s  i s  o b se rv ed , A d i f f e r e n c e  o f  t h i s  m agnitude ap­
p ro a c h e s , b u t does n o t  exceed , s ig n if ic a n c e  a t  th e  n in e ty - f iv e  p e r  c e n t 
co n fid e n ce  l e v e l  ( c a lc u la te d  F = 3 ,6 9 , F ,05 = 3 .9 4 ) ,
In s p e c tio n  o f  M ilb u m 's  d a ta  (4 0 ) , a s  re p o r te d  i n  T ab le  1 , r e ­
v e a ls  t h a t ,  u n d er each  com bination  o f  freq u en cy  and r e fe re n c e  d u ra t io n ,  
th e  mean DLD d e c re a se d  a s  th e  i n t e n s i t y  o f  th e  s tim u lu s  was in c re a s e d  from 
10 dB to  50 dB above th r e s h o ld .  The m agnitude o f  d e c re a se  ranged  from 
0 ,8  t o  6 ,5  msec f o r  th e  4000-cps to n e s  a t  500 and 1000 m sec, r e s p e c t iv e ly .  
When th e  mean DID i s  averaged  a c ro s s  re fe re n c e  d u ra tio n s  and f re q u e n c ie s ,  
a  mean d if f e r e n c e  o f  4 ,0  msec betw een s e n s a tio n  l e v e l s  i s  o b se rv ed . An 
a n a ly s i s  o f  v a r ia n c e  in d ic a te s  t h a t  th e  observed  d if f e r e n c e  i s  s i g n i f i c a n t
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beyond th e  .01 l e v e l  o f  co n fid e n ce .
The mean DLDs o b ta in e d  a t  th e  10 dB and $0 dB s e n s a tio n  le v e ls  
a t  each  r e fe re n c e  d u ra tio n  from th e  norm al and p a th o lo g ic a l  groups a re  
r e p o r te d  in  T able 4 .  The d a ta  have been averaged  a c ro s s  f re q u e n c ie s .  I t  
may be o b served  th a t  in  bo th  s tu d ie s  th e  mean DLD o b ta in e d  a t  each r e f e r ­
ence d u ra tio n  d e c re a se s  w ith  an in c re a s e  in  i n t e n s i t y .  In  th e  normal 
g roup , th e  d e c re a se  ran g es  from 1.1 to  6 .0  msec. The p a th o lo g ic a l  group 
d em o n stra te s  l e s s  v a r i a b i l i t y  among re fe re n c e  d u ra tio n s  a s  shown by de­
c re a s e s  in  mean DLD ran g in g  from 2 .2  to  3 .9  msec a s  i n t e n s i t y  i s  in ­
c re a se d . The mean d ec re a se  averaged  a c ro s s  r e fe re n c e  d u ra tio n s  i s  4 .0  
and 3.1 msec f o r  th e  norm al and p a th o lo g ic a l  g ro u p s , r e s p e c t iv e ly .  The 
o b served  d if f e r e n c e  o f  l e s s  th a n  one msec le a d s  to  th e  c o n c lu s io n  t h a t  
th e  two groups do n o t d i f f e r  w ith  re g a rd  to  th e  e f f e c t  o f  an in c re a s e  in  
s e n s a tio n  l e v e l  on th e  m agnitude o f  th e  DLD.
Summary
The mean DLD i s  p lo t te d  f o r  two fre q u e n c ie s  and two se n s a tio n  
l e v e l s  a s  a  fu n c tio n  o f  re fe re n c e  d u ra t io n  in  F ig u re  3 . T h is  f ig u r e  
shows t h a t  s u b je c ts  w ith  a c o c h le a r  p a th o lo g y  d is c r im in a te d  s l i g h t l y  
s m a lle r  changes in  th e  d u ra tio n  o f  su c c e s s iv e  a u d i to ry  s t im u li  a t  th e  
50-dB s e n s a tio n  l e v e l  th a n  a t  th e  10-dB s e n s a tio n  l e v e l .  The one ex­
c e p tio n  was th e  1000-cps, 1000-msec c o n d i t io n .  The r e s u l t s  o f  an an a ly ­
s i s  o f  v a r ia n c e  in d ic a te  t h a t  th e  observed  mean d if f e r e n c e  between sen ­
s a t io n  l e v e l s  o f  3.1 msec approaches b u t does n o t  exceed s ig n if ic a n c e  a t  
th e  .05  l e v e l  o f  co n fid e n c e . An a n a ly s is  o f  M ilb u m 's  (40) d a ta  re v e a le d  
t h a t ,  f o r  h i s  groups o f  norm al s u b je c t s ,  a  mean d if f e r e n c e  o f  4 .0  between 
s e n s a tio n  l e v e l s  was s ig n i f i c a n t  a t  th e  .01 l e v e l .  D e sp ite  th e  f a c t  t h a t
TABLE 4
I-ÎEAN DLD AVERAGED ACROSS FREQUENCY AS A FUNCTION OF SENSATION LEVEL COMPARING 
MILBURN*S DATA FOR NORMAL SUBJECTS :VITH THE DATA OBTAINED IN THE 
PRESENT STUDY ElffLOYING PATHOLOGICAL SUBJECTS
S en sa tio n
Level




S u b je c ts
10 dB 12.4 14.7 32.3 19.8
50 dB 7 .6 13.6 26.3 15.8
D iffe re n c e 4 .8 1.1 6 .0 4 .0
P a th o lo g ic a l
S u b je c ts
10 dB 14.8 15.8 31.5 20 .7
50 dB 10.9 12.8 29 .3 17.6
D iffe re n c e 3 .9 3 .0 2 .2 3.1
MD
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th e  s t a t i s t i c a l  t e s t s  in d i c a te  t h a t  s e n s a tio n  l e v e l  i s  a s ig n i f i c a n t  
v a r ia b le  in  M ilb u rn 's  (40) s tu d y , and i s  n o t  a  s ig n i f i c a n t  v a r ia b le  in  
th e  p re s e n t  s tu d y , one m ust con c lu d e , on th e  b a s is  o f  a  d if f e r e n c e  be­
tween groups o f  o n ly  0 .9  m sec, t h a t  th e  norm al s u b je c ts  and th e  s u b je c ts  
w ith  a  c o c h le a r  p a th o lo g y  r e a c t  a l ik e  to  an in c re a s e  in  th e  i n t e n s i t y  o f  
th e  s t im u l i  from 10 dB to  $0 dB se n sa tio n  l e v e l .
Mencke (38) perform ed an in v e s t ig a t io n  on n o rm a l-h ea rin g  sub­
j e c t s ,  em ploying s im i la r  in s tru m e n ta t io n  and an id e n t i c a l  p ro ced u re  to  
t h a t  u sed  in  th e  p re s e n t  s tu d y , w ith  th e  e x c e p tio n  t h a t  s h o r te r  re fe re n c e  
d u ra t io n s  w ere em ployed. Mencke found t h a t  an in c re a s e  in  s e n s a tio n  
l e v e l  r e s u l te d  in  a  d e c re a se  in  th e  m agnitude o f  th e  r e l a t i v e  DLD. Henry 
(2 4 ) , i n  an e a r l i e r  s tu d y , r e p o r te d  t h a t  w ith  an in c re a s e  i n  i n t e n s i t y  
from 20 dB to  80 dB SL, th e  m agnitude o f  th e  r e l a t i v e  DLD d e c re a se d . 
F u r th e r  in v e s t ig a t io n  o f  th e  DLD as  a fu n c tio n  o f  s e n sa tio n  le v e l  in  n o r­
m al, a s  w e ll as  p a th o lo g ic a l  s u b je c t s ,  i s  in d ic a te d .
S u b je c t V a r ia b i l i t y  
Care was tak en  in  th e  s e le c t io n  o f  s u b je c ts  f o r  th e  p re s e n t  
s tu d y , to  u t i l i z e  o n ly  young, i n t e l l i g e n t  in d iv id u a ls  w ith  h e a r in g  lo s s  
o f  p re s c r ib e d  s e v e r i ty  due to  a c o u s tic  traum a. Each s u b je c t  s e le c te d  was 
p r a c t ic e d  e x te n s iv e ly  p r io r  to  th e  c o l le c t io n  o f  d a ta .  A rrangem ents were 
made to  pay th e  s u b je c ts  f o r  t h e i r  c o o p e ra tio n . The p ro c e d u re , in c lu d in g  
im m ediate knowledge o f  th e  r e s u l t s ,  fo rc e d  c h o ic e , and s e q u e n t ia l  a n a ly ­
s i s  o f  th e  re sp o n s e s , was designed  to  red u ce  in t e r s u b je c t  v a r i a b i l i t y .  
D esp ite  th e  p re c a u tio n s  ta k e n  in  s e le c t io n  and tre a tm e n t o f  s u b je c t s ,  
v a r i a b i l i t y  among s u b je c ts  rem ained a  s ig n i f i c a n t  f a c t o r .
The v a r i a b i l i t y  among s u b je c ts  may be observ ed  by in s p e c t io n  o f
81
th e  raw  d a ta  (Appendix D ). The a b s o lu te  and r e l a t i v e  DLD o b ta in e d  firom 
each s u b je c t  i s  ta b u la te d  f o r  each  e x p e rim en ta l c o n d i t io n . In  a d d i t io n ,  
th e  mean a b s o lu te  and r e l a t i v e  DLDs a long  w ith  th e  s ta n d a rd  d e v ia t io n s  
and ran g es  a re  in c lu d e d . The 4 0 0 0 -cp s , 1000-m sec, 10-dB c o n d itio n  shows 
th e  g r e a t e s t  v a r i a b i l i t y .  The a b s o lu te  DLD a t  t h a t  ex p e rim en ta l c o n d itio n  
in c lu d e s  a range  o f  f o r ty - f iv e  msec w ith  a  mean o f  32 .5  and a s ta n d a rd  
d e v ia t io n  o f  1 5 .6 ? . The l e a s t  v a r i a b i l i t y  i s  shorn  by th e  4 0 0 0 -cp s , 300- 
m sec, 50-dB ex p erim en ta l c o n d itio n  w ith  a  ran g e  cov erin g  n in e  m sec, a  mean 
o f  1 0 .6  and a s ta n d a rd  d e v ia t io n  o f  o n ly  2 . 7 6 .
The a n a ly s is  o f  v a r ia n c e  y ie ld e d  an F o f  4 .0 5  w hich exceeded th e
.01 le v e l  o f  co n fid e n c e . I t  m ust be concluded t h a t  th e  s u b je c ts  o f  th e
p re s e n t  s tu d y  d i f f e r e d  in  t h e i r  a b i l i t y  to  d is c r im in a te  betw een su c c e s s iv e  
pu re  to n e s  on th e  b a s is  o f  s tim u lu s  d u r a t io n .
The v a r i a b i l i t y  among th e  p a th o lo g ic a l  s u b je c ts  o f  th e  p re s e n t  
s tu d y  was compared a t  each ex p erim en ta l c o n d itio n  w ith  th e  v a r i a b i l i t y
among th e  n o rm a l-h ea rin g  s u b je c ts  o f  M ilb u m 's  s tu d y . The n o rm al-h ea rin g
s u b je c ts  had s m a lle r  s ta n d a n i d e v ia t io n s  a t  te n  o f  th e  tw elve  ex p e rim en ta l 
co n d itio n s ,, The e x c e p tio n s  were f o r  th e  1000-cps, 500-m sec, 10-dB and 
th e  4 0 0 0 -cp s , 300-m sec, 50-dB c o n d i t io n s .  The l a r g e s t  d if f e r e n c e  i n  
s ta n d a rd  d e v ia t io n s  between groups was 4 .2 5 , found a t  th e  400 0 -cp s , 500- 
m sec, 10-dB c o n d i t io n .  The l e a s t  d i f f e r e n c e  betw een g roups, 0 .4 5 , was 
o b ta in e d  a t  b o th  th e  400 0 -cp s, 1000-m sec, 50-dB and 4 000 -cps, 500-m sec, 
10-dB co n d i-tio n s . The v a r i a b i l i t y  among th e  norm al s u b je c ts  was a ls o  s t a ­
t i s t i c a l l y  s ig n i f i c a n t  a t  th e  .01 co n fid en ce  l e v e l  (F = 2 .7 3 ) .  A t e s t  o f  
hom ogeneity  o f  v a r ia n c e  produced an F o f  1.33» w hich i s  n o t  s i g n i f i c a n t  
a t  th e  .05  l e v e l  o f  co n fid e n c e . Thus, i t  may be concluded t h a t  th e  two 
s tu d ie s  d id  n o t  d i f f e r  w ith  re g a rd  to  i n t e r s u b je c t  v a r i a b i l i t y .
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Im p lic a t io n s  o f  th e  P re se n t I n v e s t ig a t io n
In  C hap ter I I ,  s tu d ie s  were review ed w hich dem onstra ted  th a t  
s u b je c t s  w ith  a  c o c h le a r  p a th o lo g y  behave d i f f e r e n t l y  th an  do norm al sub­
j e c t s  when th e y  a re  re q u ire d  to  d i f f e r e n t i a t e  sm a ll changes in  i n t e n s i t y  
and f re q u e n c y . The r e s u l t s  o f  th e  p re s e n t  in v e s t ig a t io n  in d ic a te  t h a t  
s e n s i t i v i t y  to  changes in  d u ra tio n  o f  a u d i to ry  s t im u l i  i s  u n a f fe c te d  by 
th e  p re sen ce  o f  a c o c h le a r  p a th o lo g y , N eff (4$) p ro v id e s  a model o f  th e  
n e u ra l  mechanism o f  a u d i to ry  d is c r im in a t io n  w hich h e lp s  to  e x p la in  th e  
above f in d in g s .
N e ff’ s model a s s e r t s  t h a t  a change in  th e  freq u en cy  o f  an a u d i­
to r y  s tim u lu s  causes " . . .  a s h i f t  in  th e  p la c e  o f  maximum resp o n se  in  
th e  co ch lea  and a  s h i f t  in  th e  p la c e  o f  e x c i ta t io n  in  n e u ra l  u n i t s  o f  th e  
a u d i to ry  system  . . . " .  A c o c h le a r  p a th o lo g y  a t  th e  freq u en cy  a t  w hich 
d i f f e r e n t i a l  s e n s i t i v i t y  i s  b e in g  measured r e s u l t s  i n  an in c re a s e  in  th e  
m agnitude o f  th e  d i f f e r e n c e  lim en  f o r  fre q u e n c y . I t  fo llo w s t h a t  th e  
amount o f  d isp lacem en t o f  th e  maximal resp o n se  m ust be g r e a te r  to  be 
reco g n ized  a s  a  change in  freq u en cy  by th e  s u b je c t  w ith  a c o c h le a r  p a th ­
o logy  th an  th e  n o rm a l-h ea rin g  s u b je c t .
When th e  s tim u lu s  freq u en cy  i s  h e ld  c o n s ta n t and th e  i n t e n s i t y  
i s  in c re a s e d  " . . .  th e re  i s  more w idespread  a c t i v i t y  in  th e  co ch lea  and 
new n e u ra l  u n i t s  a re  caused to  f i r e " .  The e f f e c t  o f  a  c o c h le a r  le s io n  i s  
t h a t  o f  an in c re a s e  in  s e n s i t i v i t y  to  a change i n  i n t e n s i t y  a t  th e  i n ­
vo lved  freq u en cy . T hus, a t  th e  d i f f e r e n t i a l  th r e s h o ld ,  l e s s  sp read  o f  
re sp o n se  on th e  b a s i l a r  membrane i s  re q u ire d  by th e  s u b je c t  w ith  a  coch­
l e a r  p a th o lo g y  th an  by th e  n o rm a l-h ea rin g  s u b je c t .
In  th e  p re s e n t  s tu d y  o f  d i f f e r e n t i a l  s e n s i t i v i t y  to  changes o f  
d u r a t io n , b o th  th e  freq u en cy  and th e  i n t e n s i t y  o f  th e  s t im u l i  were h e ld
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c o n s ta n t .  N e ith e r  a  s h i f t  in  th e  p la c e  o f  maximal re sp o n se  nor an i n ­
c re a se  in  th e  sp read  o f  a c t i v i t y  took  p la c e .  The r e s u l t  o f  th e  p re s e n ta ­
t i o n  o f  two to n e s  d i f f e r i n g  o n ly  in  d u ra tio n  was a  change in  th e  d u ra tio n  
o f  a c t i v i t y  o f  th e  coch lea  and th e  a f f e c te d  n e u ra l u n i t s .  The e q u iv a l­
ency o f  th e  d a ta  o b ta in e d  from noim al s u b je c ts  and from s u b je c ts  w ith  
a c o u s t ic  traum a le a d s  to  th e  c o n c lu sio n  t h a t  t h i s  a s p e c t  o f  c o c h le a r  
fu n c tio n  i s  u n a f fe c te d ,  w ith in  th e  l i m i t s  o f  th e  p re s e n t  s tu d y , by th e  
p re sen ce  o f  a c o c h le a r  p a th o lo g y .
Summary
A m odified  p sy ch o p h y sica l method o f  l i m i t s  was u t i l i z e d  to  in ­
v e s t i g a te  th e  m agnitude o f  th e  D iffe re n c e  Limen fo r  D u ra tio n  o f  p u re - to n e  
a u d i to ry  s t im u l i  o b ta in e d  from  te n  s u b je c ts  w ith  norm al h e a r in g  a t  1000 
ops and a h e a rin g  lo s s  due to  a c o c h le a r  p a th o lo g y  a t  4000 cp s . D if f e r ­
ence liraens were o b ta in ed  a t  th e  above-m entioned f re q u e n c ie s  f o r  s ix  com­
b in a t io n s  o f  re fe re n c e  d u ra tio n s  and i n t e n s i t y .  Thus, tw e lv e  DLDs were 
o b ta in e d  from each s u b je c t .
The mean a b s o lu te  DLDs o b ta in e d  in  t h i s  in v e s t ig a t io n  ranged  
from 1 0 .6  to  32 .5  msec u n d er th e  4 000-cps, 300-m sec, 50-dB SL and 4000- 
cp s , 1000-m sec, 10-dB SL c o n d i t io n s ,  r e s p e c t iv e ly .  These DLDs a re  o f  th e  
same g e n e ra l m agnitude a s  o b ta in e d  by M ilburn (40) from n o rm a l-h ea rin g  
s u b je c t s .
The mean DLDs o b ta in e d  a t  4000 and 1000 cps w ere compared in  
o rd e r  to  de te rm in e  w hether th e  c o c h le a r  p a th o lo g y  had an e f f e c t  upon th e  
m agnitude o f  th e  DID. A mean d if f e r e n c e  between f re q u e n c ie s  o f  0 .3  msec 
in d i c a te s  t h a t  t h i s  p a ram eter was n o t a  s ig n i f i c a n t  v a r i a b l e .  Comparison 
w ith  M ilb u m 's  in v e s t ig a t io n  re v e a le d  t h a t  s u b je c ts  w ith  norm al h e a r in g
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do n o t  d i f f e r  from s u b je c ts  w ith  a c o u s tic  traum a r e l a t i v e  to  th e  a b i l i t y  
to  d is c r im in a te  d i f f e r e n c e s  in  to n a l  d u ra t io n .
The re fe re n c e  d u ra tio n  a t  w hich th e  DLD was a s se s se d  was shown 
to  be a  v a r ia b le  in  th e  p re s e n t  s tu d y . The mean DLD in c re a s e d  in  magni­
tu d e  s ig n i f i c a n t l y  as  r e fe re n c e  d u ra tio n  in c re a s e d  from 300 to  1000 msec. 
For n o rm a l-h ea rin g  s u b je c t s ,  th e  mean DID in c re a s e s  2 .7 6  msec f o r  every  
100-msec in c re a s e  in  r e fe re n c e  d u ra tio n  between 40 and 1000 m sec, A 
s im i la r  fu n c tio n  was n o ted  f o r  th e  s u b je c ts  o f  th e  p re s e n t  s tu d y .
M ilburn (40) found th e  mean DID d ec reased  s ig n i f i c a n t l y  w ith  an 
in c re a s e  i n  s tim u lu s  i n t e n s i t y  from  10-dB to  50-dB s e n s a tio n  l e v e l .  
A n a ly s is  o f  th e  p re s e n t  s tu d y  found t h i s  v a r ia b le  to  be n o n - s ig n i f ic a n t ,  
a lth o u g h  th 'î  mean d if f e r e n c e  i n  th e  m agnitude o f  th e  DLD a t  th e  two in ­
t e n s i t i e s  (3 .1  msec) was l e s s  th an  one msec sm a lle r  than  o b ta in e d  by M il- 
b u m . The reaso n  f o r  t h i s  d is c re p a n c y  i s  n o t  c l e a r .
Tho m agnitude o f  th e  DLD v a r ie d  s ig n i f i c a n t l y  smong s u b je c t s .  
Under s e v e ra l  e x p e rim en ta l c o n d itio n s  th e  extrem e v a lu e s  o f  th e  DLD from 
in d iv id u a l  s u b je c ts  en c lo sed  a  range  o f  f o r ty - f iv e  msec an d , under one 
c o n d i t io n ,  a  range  o f  b u t n in e  m sec. A t e s t  o f  hom ogeneity o f  v a r ia n c e  
com paring th e  v a r i a b i l i t y  o f  th e  DLD o b ta in e d  from p a th o lo g ic a l  s u b je c ts  
o f  th e  p re s e n t  s tu d y  w ith  M ilb u m 's  d a ta  in d ic a te s  th e  two groups d id  n o t 
d i f f e r  in  t h i s  a s p e c t  o f  t h e i r  perfo rm ance.
W ith in  th e  l i m i t s  o f  th e  p re s e n t  s tu d y , th e  s i z e  o f  th e  d i f f e r ­
ence lim en  f o r  d u ra tio n  i s  dependent upon th e  re fe re n c e  d u ra t io n ,  th e  i n ­
d iv id u a l  s u b je c t ,  to  some e x te n t  upon th e  i n t e n s i t y ,  and i s  in d ep en d en t o f  
th e  freq u en cy  a t  which i t  i s  m easured . The p re sen ce  o f  a  c o c h le a r  p a th ­
o lo g y  does n o t  e x e r t  an in f lu e n c e  upon th e  m agnitude o f  th e  DLD,
CHAPTER V
SUMMARY AND CONCLUSIONS
In tro d u c t io n
In  r e c e n t  y e a r s ,  a g r e a t  d e a l o f  in fo rm a tio n  has  been accum ula­
te d  r e l a t i v e  to  th e  a b i l i t y  o f  th e  s u b je c t  w ith  a  c o c h le a r  p a th o lo g y  to  
d is c r im in a te  sm all changes in  i n t e n s i t y  and fre q u e n c y . Many o f  th e  
s tu d ie s  w ere perform ed w ith  a  p r a c t i c a l  g o a l in  mind—th e  d i f f e r e n t i a l  
d ia g n o s is  between le s io n s  o f  th e  co ch lea  and th e  V I I I th  c r a n ia l  n e rv e .
I t  h as  been r e l i a b l y  e s ta b l i s h e d  t h a t  p a t i e n t s  w ith  a  c o c h le a r  p a th o lo g y  
m a n ife s t in c re a s e d  a b i l i t y  to  d e te c t  sm all i n t e n s i t y  d i f f e r e n c e s  and de­
c re a se d  a b i l i t y  to  d e te c t  sm a ll freq u en cy  d i f f e r e n c e s .  These in v e s t ig a ­
t i o n s  have r e s u l t e d  ii: s e v e ra l  c l i n i c a l  t e s t s  which r e l i a b l y  d i f f e r e n t i ­
a te  c o c h le a r  le s io n s  from o th e r  le s io n s  o f  th e  a u d i to ry  system .
W hile in v e s t ig a t io n s  o f  human a b i l i t y  to  d i f f e r e n t i a t e  among 
pure  tone  s t im u l i  s o le ly  on th e  b a s is  o f  sm all d i f f e r e n c e s  in  th e s e  two 
p a ram ete rs  have been num erous, s tu d ie s  o f  th e  t h i r d  m ajor p a ram ete r spec­
i f y in g  a p u re  to n e ,  d u ra t io n ,  have been s c a rc e . U n t i l  th e  p a s t  y e a r ,  
th e re  ware b u t two s tu d ie s  (24 , 57) concerned w ith  d i f f e r e n t i a l  s e n s i t i v ­
i t y  o f  d u ra t io n .  R ece n tly  Mencke (38) and M ilburn (40) have u sed  modem
e le c t r o a c o u s t ic  in s tiru m en ta tio n  to  examine t h i s  a b i l i t y  i n  norm al sub- . \
j e c t s .  They in v e s t ig a te d  th e  DLD a s  a  fu n c tio n  o f  fre q u e n c y , i n t e n s i t y ,  
and re fe re n c e  d u ra tio n  f o r  two ran g es  o f  th e  l a t t e r  p a ra m e te r . Mencke
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(33) s tu d ie d  th e  range between 40 and 100 msec and M ilburn (40) between 
300 and 1000 m sec. P r io r  to  th e  p r e s e n t  s tu d y  in fo rm a tio n  re g a rd in g  th e  
DID in  s u b je c ts  w ith  a  c o c h le a r  pa th o lo g y  was u n a v a i la b le .
E xperim en ta l Design 
The purpose o f  t h i s  experim ent was to  d e te rm in e  w hether th e  d i f ­
fe re n c e  lim en f o r  d u ra tio n  i s  a l t e r e d  by a  c o c h le a r  p a th o lo g y , a s  a re  th e  
DLs o f  i n t e n s i t y  and fre q u e n c y . To t h i s  end , th e  DLD was o b ta in ed  under 
tw e lv e  com binations o f  freq u en cy  (1000 and 4000 c p s ) ,  i n t e n s i t y  (10 and 
50 dB s e n s a tio n  l e v e l s ) ,  and re fe re n c e  d u ra tio n  (300, 500» and 1000 msec) 
from te n  s u b je c ts  w ith  a c o u s tic  traum a. S u b je c ts  w ith  t h i s  p a r t i c u l a r  
p a th o lo g y  w ere s e le c te d  because th e y  ty p i c a l l y  e x h ib i t  norm al h e a r in g  a t  
one o f  th e  t e s t  f re q u e n c ie s  (1000 cps) and d im in ish ed  h e a r in g , accompanied 
by  abnorm al s e n s i t i v i t y  to  changes in  i n t e n s i t y ,  a t  th e  o th e r  t e s t  f r e ­
quency (4000 c p s ) .  Thus, by conq>aring th e  m agnitude o f  th e  DLDs o b ta in ed  
a t  th e  two f re q u e n c ie s ,  th e  e f f e c t  o f  th e  c o c h le a r  p a th o lo g y  may be ob­
se rv e d . The re fe re n c e  d u ra tio n s  and s e n s a tio n  l e v e l s  employed a re  i d e n t i ­
c a l  w ith  th o se  u t i l i z e d  by M ilburn  (40) in  h is  s tu d y  o f  norm al s u b je c t s .  
Comparison o f  th e  r e s u l t s  o f  t h i s  experim ent w ith  M ilb u m 's  d a ta  p ro v id es  
a n o th e r  in d ic a t io n  o f  th e  e f f e c t  o f  th e  p a th o lo g y .
The a p p a ra tu s  employed to  m easure th e  DID p e rm itte d  c lo se  con­
t r o l  o f  th e  p a ram ete rs  o f  freq u en cy , i n t e n s i t y ,  and d u ra t io n .  A ll  d u ra ­
t i o n s  were h e ld  w ith in  0 .5  msec o f  th e  in te n d e d  v a lu e .  The in s tru m e n ta ­
t i o n  was e s s e n t i a l l y  th e  same, and th e  p ro ced u re s  were i d e n t i c a l  to  th o se  
employed by Mencke (38) and M ilburn (4 0 ) .
The p ro ced u res  u t i l i z e d  s e v e ra l  f e a tu r e s  d esig n ed  to  m inim ize 
th e  e f f e c t  o f  th e  d i f f e r e n c e s  among s u b je c ts  r e l a t i v e  to  p r io r  ex p erien ce
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i n  l i s t e n i n g  ta s k s  o f  t h i s  n a tu re .  A ll  s u b je c ts  w ere p r a c t ic e d  e x te n ­
s iv e ly  p r io r  to  th e  c o l le c t io n  o f  d a ta  and w e re .p a id  fo r  t h e i r  coopera­
t i o n ,  A tw o - a l t e m a t iv e , fo rc e d -c h o ic e  te ch n iq u e  was employed w ith  p ro ­
v is io n  f o r  im m ediate knowledge o f  r e s u l t s .  S e q u e n tia l a n a ly s is  o f  th e  
re sp o n se s  reduced  th e  amount o f  tim e re q u ire d  o f  each  s u b je c t  and , in  
a d d i t io n ,  a llow ed  s p e c i f i c a t io n  o f  th e  co n fid en ce  l e v e l  a t  which a  sub­
j e c t  p assed  o r  f a i l e d  each e x p e rim en ta l c o n d itio n .
P a ir s  o f  pu re  to n e s  were p re se n te d  to  th e  s u b je c t .  The second 
to n e  o f  a  p a i r  d i f f e r e d  from th e  f i r s t  o n ly  in  d u r a t io n .  The s u b je c t ’ s 
t a s k  was to  de te rm in e  w hether th e  second to n e  was lo n g e r  o r  s h o r te r  in  
d u ra tio n  th an  th e  f i r s t .  I n i t i a l l y ,  th e  d isc re p a n c y  between to n e s  was 
e a s i l y  d is c r im in a te d .  When i t  had been determ ined  t h a t  a t  l e a s t  s e v e n ty -  
f iv e  p e r  c e n t o f  th e  tim e , th e  s u b je c t  could  c o r r e c t ly  de te rm in e  w hether 
th e  second to n e  was lo n g e r  o r  s h o r te r  th an  th e  f i r s t ,  th e  d isc re p a n c y  was 
reduced  by a  p red e te rm in ed  am ount. E v e n tu a lly  th e  s u b je c t  was u n a b le  to  
d is c r im in a te  a t  a b e t t e r  than  chance l e v e l .  The l e a s t  d i f f e r e n c e  w hich 
cou ld  be d is c r im in a te d  d e f in e d  th e  DLD, T h is  p ro ced u re  r e p r e s e n ts  a  mod­
i f i c a t i o n  o f  th e  p sy ch o p h y sica l method o f  l i m i t s .
R e s u lts  and C onclusions 
The r e s u l t s  o f  t h i s  experim en t in d ic a te  t h a t  a  c o c h le a r  p a th o l­
ogy does n o t in f lu e n c e  th e  m agnitude o f  th e  DLD, The d i f f e r e n c e  between 
th e  DLDs o b ta in e d  a t  th e  two f re q u e n c ie s  employed in  th e  p r e s e n t  s tu d y  
was n o t s i g n i f i c a n t .  In  a d d i t io n ,  e s s e n t i a l l y  no d i f f e r e n c e  was observed  
between th e  DIDs y ie ld e d  by th e  p a th o lo g ic a l  s u b je c ts  o f  th e  p re s e n t  
s tu d y  and th e  norm al s u b je c ts  o f  M ilb u m ’ s  s tu d y .
I t  h a s  been de term ined  t h a t  th e  DLD in c re a s e s  l i n e a r l y  a s  a
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fu n c tio n  o f  re fe re n c e  d u ra t io n .  For every  100 msec in c re a s e  in  re fe re n c e  
d u ra tio n  from 40 to  100C- m sec, th e  DLD in c re a s e s  2 .76  m sec.
The m agnitude o f  th e  DLD d e c re a s e s ,  a lth o u g h  n o t  s i g n i f i c a n t l y ,  
when i n t e n s i t y  i s  r a i s e d  from 10 to  50 dB above th r e s h o ld .  D e sp ite  a l l  
p re c a u tio n s  employed in  th e  a p p a ra tu s  and p ro c e d u re s , th e  s u b je c ts  d i f ­
fe re d  s i g n i f i c a n t l y  in  t h e i r  a b i l i t y  to  d e te c t  sm all d i f f e r e n c e s  in  du ra ­
t i o n .
S in ce  th e  r e s u l t s  o f  th e  p r e s e n t  s tu d y  in d ic a te  t h a t ,  u n lik e  th e  
DLs o f  i n t e n s i t y  and fre q u e n c y , th e  d if f e r e n c e  lim en  o f  d u ra tio n  i s  u n a f­
f e c te d  by th e  p re sen ce  o f  a  c o c h le a r  p a th o lo g y , i t  m ust be h y p o th esized  
t h a t  t h i s  a s p e c t  o f  a u d i to ry  b e h a v io r  m ust be m ediated  a t  a  more c e n t r a l  
s i t e .  The r e s e a rc h  o f  S h arlo ck  and N eff (51) I n d ic a te s  t h a t ,  fo llo w in g  
d e s t r u c t io n  o f  th e  n e u ra l  a u d i to ry  pathways above th e  le v e l  o f  th e  m edial 
g e n ic u la te  body, th e  c a t  i s  a b le  to  d is c r im in a te  changes i n  i n t e n s i t y  and 
fre q u e n c y . However, th e  a n im a l 's  a b i l i t y  to  d is c r im in a te  a  change in  th e  
d u ra tio n  o f  a  to n e  i s  e i t h e r  s e v e re ly  im paired  o r  l o s t  co m p le te ly .
W hether o r  n o t t h i s  phenomenon o ccu rs  in  man i s ,  a s  y e t ,  unknown. I t s  i n ­
v e s t i g a t io n ,  in v o lv in g  th e  d i f f e r e n c e  lim en f o r  d u ra t io n  in  c l i n i c a l  
p a t i e n t s  w ith  confirm ed le s io n s  o f  th e  h ig h e r  a u d i to ry  pathw ays, i s  i n d i ­
c a te d .
Suggested  F u r th e r  R esearch
S u g g es tio n s  f o r  f u r th e r  r e s e a rc h  in to  th e  a b i l i t y  o f  norm al human 
s u b je c ts  to  d is c r im in a te  sm all d e v ia t io n s  in  to n a l  d u ra t io n s  have been p u t 
f o r th  by Mencke (3 8 ) and M ilburn  (4 0 ) . S h a rlo ck  and N e f f 's  r e s e a rc h  in to  
d i f f e r e n t i a l  s e n s i t i v i t y  in  c a t s  ( 51) in d ic a te s  t h a t  a t  l e a s t  f o r  th a t  
an im a l, th e  DU) i s  a  fu n c tio n  o f  th e  c o r t i c a l  a u d i to ry  a r e a s .  I t  i s  ap­
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p a re n t  t h a t  th e  knowledge ga ined  in  t h i s  and p rev io u s  s tu d ie s  shou ld  be 
ex tended  to  in c lu d e  s u b je c ts  w ith  v a r io u s  p a th o lo g ie s  o f  th e  h ig h e r  au d i­
to r y  pathw ays.
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1 M 33 R 0 -10 -5 5 0 30 0 100
2 H 32 L 5 0 -5 -10 50 65 100
3 M 24 L 5 5 0 5 0 50 40 90
M 33 L -5 -5 • -5 -10 25 45 100
5 M 21 L 0 -5 -5 5 25 10 100
6 M 33 R 5 0 0 0 -5 40 10 100
7 M 27 L 10 10 5 0 0 35 5 90
8 F 22 L 0 0 -10 -5 -10 30 10 100
9 M 28 L 0 0 10 10 5 40 25 100
10 M 36 R 0 -5 -10 -5 -5 35 45 85
X 28.9 2 .0 —1.0 -2 .5 -«5 -3 .0 36.0 25.5 96 .5
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TABLE 6
TOTAL NUMBER OF STIMULI AND CORRESPONDING NUMBER OF 
CORRECT RESPONSES TO PASS AT .05  LEVEL OF 
CONFIDENCE OR FAIL AT .01 LEVEL 
OF CONFIDENCE
Number P a i r s  
P re sen ted
L im its
C o rre c t
F a i l
P a ir s
Pass
Number P a ir s  
P re se n te d
L im its
C o rre c t
F a i l
P a ir s
Pass
7 1 7 41 . 22 28
8 1 7 42 23 29
9 2 3 43 23 29
10 3 9 44 24 30
11 3 9 45 25 31
12 4 10 46 25 31
13 5 10 47 25 32
14 5 11 48 27 33
15 6 12 49 27 33
16 6 12 50 28 34
17 7 13 51 29 34
18 8 14 52 29 35
19 8 14 53 30 36
20 9 15 54 30 36
21 10 15 55 31 37
22 10 16 56 32 38
23 11 17 57 32 38
24 11 17 58 33 39
25 12 18 59 34 39
26 13 19 60 34 40
27 14 20 61 35 41
23 15 21 62 35 41
29 15 21 63 36 42
30 15 21 64 37 43
31 16 22 65 37 43
32 17 22 66 38 44
33 17 23 67 39 44
34 18 24 68 39 45
35 13 24 69 40 46
36 19 25 70 41 46
37 20 26 71 41 47
38 20 26 72 42 48
39 21 27 73 42 48
40 22 27 74 43 49
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TABLE 6 (CONTINUED)
Number P a ir s  
P re se n te d
L im its
C o rrec t
F a i l
P a ir s
Pass
Number P a ir s  
P re se n te d
L im its
C o rre c t
F a i l
P a irs
Pass
75 m 50 88 52 58
76 44 50 89 53 53
77 ^5 51 90 53 59
78 ^5 51 91 54 60
79 46 52 92 54- 60
30 47 53 93 55 61
31 ^7 53 94 56 62
82 48 54 95 57 62
83 49 55 96 57 63
84 49 55 97 58 63
85 50 56 98 58 64
86 51 57 99 59 65
87 51 57 100 59 65
C r i te r io n
P a ss : S e v e n ty -f iv e  p e r  c e n t o f  th e  judgm ents a t  a  ,05  l e v e l  o f
co n fid en ce
F a i l :  F i f t y  p e r  c e n t o f  th e  judgm ents a t  a ,01 l e v e l  o f  co n fid en ce
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I n s t r u c t io n s  to  S u b je c ts  
You a r e  p a r t i c ip a t in g  in  a re s e a rc h  p r o je c t  t h a t  i s  b a s ic  to  th e  
u n d e rs ta n d in g  o f  human a u d i to ry  b eh av io r  and o f  some s ig n if ic a n c e  i n  th e  
f i e l d  o f  a u d io lo g y . Upon com pletion  o f  th e  e n t i r e  experim ent you w i l l  be 
in fo rm ed  o f  th e  f i n a l  r e s u l t s .  T h is  w i l l  be a  g ru e lin g  and le n g th y  p ro ce­
d u re , Your s u s ta in e d  a t t e n t i o n  and a l e r tn e s s  i s  e s s e n t i a l  an d , th e r e f o r e ,  
th e  manner in  w hich you perfo rm  th e  ta s k s  to  be a ss ig n e d  to  you i s  o f  p a r­
t i c u l a r  im p o rtan ce . T h is  t e s t  s e s s io n  w i l l  ta k e  ap p ro x im ate ly  two h o u rs . 
There w i l l  be f re q u e n t r e s t  p e r io d s  d u rin g  which you may re ljo c ; t h e r e ,  do 
n o t i n t e r r u p t  a  t e s t  sequence t h a t  i s  i n  p ro g re s s .  I f ,  f o r  any re a so n , 
you f in d  i t  n e c e ssa ry  to  s to p  th e  p ro c e d u re , you need o n ly  to  say  s o . You 
can be h ea rd  in  th e  c o n t ro l  room a t  a l l  t im e s .
You a re  to  perfo rm  two t a s k s .  Each r e q u ir e s  a  s e t  o f  i n s t r u c t ­
io n s ,  L is te n  v e ry  c a r e f u l ly .
In  th e  f i r s t  in s ta n c e ,  you a re  going to  h e a r  a  to n e  i n  your ( t e s t  
e a r )  e a r .  The f i r s t  tim e  you h e a r  th e  tone  i t  w i l l  be lo u d  enough f o r  you 
to  h e a r  i t  c l e a r l y .  I n d ic a te  t h a t  you h e a r  th e  to n e  by r a i s i n g  you r in d e x  
f i n g e r .  The n e x t to n e  you h e a r  w i l l  be v e ry  s o f t .  Each tim e , j u s t  th e  
moment you a r e  su re  t h a t  you h e a r  th e  to n e , no m a tte r  how s o f t  i t  i s ,  
r a i s e  your f in g e r ;  th e n ,  im m ed ia te ly  p u t i t  down. Make your re sp o n se  d e f ­
i n i t e ,  L is te n  v e ry  c a r e f u l ly .
In  th e  second t a s k  you w i l l  h e a r  s e t s  o f  th r e e  sounds. The f i r s t  
w iU  be a  b u r s t  o f  n o is e  in  y o u r (n o n - te s t )  e a r .  T h is  b u r s t  o f  n o is e  i s  a 
w arn ing  s ig n a l  in d ic a t in g  t h a t  you a re  t o  p re p a re  f o r  th e  two sounds to  
fo llo w . These sounds a re  a  p a i r  o f  to n e s  which you w i l l  h e a r  i n  your 
( t e s t  e a r )  e a r .  The f i r s t  to n e  w i l l  alw ays be th e  same le n g th  w ith in  a  
t e s t  seq u en ce . The second to n e  i s  alw ays e i t h e r  lo n g e r  o r  s h o r te r  th an
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th e  f i r s t  to n e  by a  g iv en  am ount. Your ta s k  i s  to  judge w hether th e  
second to n e  i s  lo n g e r  o r s h o r te r  th an  th e  f i r s t  to n e .  I f  you judge th e  
second to n e  to  be lo n g e r  th a n  th e  f i r s t ,  push th e  re sp o n se  sw itch  up to  
th e  p o s i t io n  marked " lo n g e r" .  I f ,  on th e  o th e r  hand , th e  second to n e  i s  
s h o r t e r  th a n  th e  f i r s t ,  p u l l  th e  re sp o n se  sw itch  down to  th e  p o s i t io n  
marked " s h o r te r " .  Whenever you a re  c o r r e c t  th e  b lu e  lamp w i l l  l i g h t  and 
w henever you a r e  in c o r r e c t  th e  re d  lamp w i l l  l i g h t ,  r e g a rd le s s  o f  th e  
sw itc h  p o s i t io n  you have s e le c te d .  Do n o t re v e r s e  you r judgm ent once a 
re sp o n se  has been made. Your f i r s t  im p ress io n  u s u a l ly  i s  th e  b e t t e r  on e . 
A pprox im ately  two seconds fo llo w in g  each re sp o n se  you w i l l  be p re se n te d  
w ith  a n o th e r  b u r s t  o f  n o is e  fo llow ed  by a  s e t  o f  to n e s .  Once a g a in , in d i ­
c a te  w ith  th e  l e v e r  w hether th e  second to n e  i s  lo n g e r  o r  s h o r te r  th a n  th e  
f i r s t .  A number o f  th e s e  to n e  s e t s  w i l l  be p re s e n te d . Take a s  much tim e 
a s  you need b e fo re  making you r re sp o n se . Be s u re  n o t to  change y o u r judg­
ment once you have made i t ,  A g iven  p a i r  o f  to n e s  canno t be re p e a te d  ; 
t h e r e f o r e ,  a  re sp o n se  m ust be made f o r  each  p a i r  o f  to n e s  p re s e n te d .
The t a s k  you a r e  ab o u t to  perform  i s  r a th e r  u n s a t i s f y in g .  In  
s p i t e  o f  t h i s ,  p eo p le  a re  a b le  to  do q u i te  w e l l .  L is te n  v e ry  c a r e f u l ly  
and do th e  b e s t  you can .
Are th e r e  any  q u e s tio n s?
As soon a s  y o u r h e a r in g  th re s h o ld s  have been d e te rm in ed , you w i l l  
be b r i e f l y  r e in s t m c te d  th ro u g h  th e  ea rp h o n es. Once th e  earphones have 
been co m fo rtab ly  p o s i t io n e d ,  p le a s e  do n o t  move them .
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TABLE 7
SUBJECT DATA FROM THE lOOO-cps
300-m3ec  EXPERIMENTAL CONDITION
STIMULUS FREQUENCY -  1000 cpa
REFERENCE DURATION -  3OO msec
SUBJECTS
10-dB SL 50-dB SL
DL 
IN MSEC Û T/T
DL 
IN MSEC A T /T
1 15 .050 17 .057
2 14 .047 14 .047
3 8 .027 7 .023
4 23 .077 11 .037
5 11 .037 8 .027
6 19 .063 5 .017
7 21 .070 16 .053
S 5 .017 3 .010
9 12 .040 8 .027
10 16 .053 22 .073
KEAîI DLD 14 .4 .0481 11.1 .0371
STANDARD
DEVIATION
5.6 6 .0188 6.01 .0199
RANGE 18 .060 19 .063
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TABLE 8
SUBJECT DATA FROM THE 1000-cp s
500-m sec EXPERE-IENTAL CONDITION
STL'IULUS FREQUENCY -  1000 cps
REFERENCE DURATION -  500 msec
SUBJECTS





1 11 .022 14 .028
2 10 .020 17 .034
3 14 .028 9 .018
4 15 .030 5 .010
5 23 .046 10 .020
6 4 .008 4 .008
7 15 .030 10 .020
8 15 .030 14 .028
9 21 .042 19 .038
10 9 .018 23 .046
MEAN DLD 13 .7 .0274 12.5 .0250
STANDARD
DEVIATION
5 .60 .0112 6 .0 6 .0121
RANGE 17 .038 17 .038
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TABLE 9
SUBJECT DATA FROM THE 1000-cps
1000-msGC EXPEBIÎ-ÎEMTAL CONDITION
STIMULUS FREQUENCY -  1000 cps
REFERENCE DURATION -  1000 msec
SUBJECTS
10-dB SL 50-dB SL
DL 
IN MSEC Û T/T
DL 
IN MSEC A T /T
1 20 .020 25 .025
2 45 .045 55 .055
3 20 .020 25 .025
4 40 .040 20 .020
5 20 .020 25 .025
6 20 .020 45 .045
7 20 .020 25 .025
3 20 .020 10 .010
9 45 .045 35 .035
10 55 .055 55 .055
MEAN DLD 30.5 .0305 32.0 .0320
STANDARD
DEVIATION
14.03 .0140 15.13 .0151
RANGE 35 .035 45 .045
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TABLE 10
SUBJECT DATA FROM THE 4000-ops
300-n so c  EXPEim-EUTAL CONDITION
STDIULUS FRSQUE>!CY -  4000 cos
REFERENCE DURATION -  3OO msec
SUBJECTS





1 20 .067 7 .023
2 15 .050 10 .033
3 9 .030 9 .030
4 23 .077 9 .030
5 10 .033 8 .027
6 16 .053 11 .037
7 15 .050 12 .040
8 5 .017 10 .033
9 19 .063 14 .047
10 20 .067 16 .053
mAN DLD 15.2 .0507 10.6 .0353
STANDARD
DEVIATION
5.69 .0190 2 .76 .0092
RANGE 18 .060 9 .030
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TABLb 11
SUBJECT DATA FROM THE 4000 -cn s
500-msoc EXPERMENTAL CONDITION
STBtULUS FREQUENCY -  '^300 cos
REFERENCE DURATION -  500 msec
SUBJECTS
10-dB SL 50-dB SL
DL 
IN MSEC A T /T
DL 
IN MSEC A T /T
1 26 .052 10 .020
2 30 .060 15 .030
3 15 .030 11 .022
4 24 .048 24 .048
5 5 .010 9 .018
6 16 .032 5 .010
7 20 .040 25 .050
8 4 .003 10 .020
9 25 .050 8 .016
10 13 .026 14 .023
tEA-N DLD 17.8 .0356 13.1 .0262
STAîlDARD
D5VIATI0ÎI
8 .8 2 .0176 6 .6 4 .0133
RANGE 26 .052 20 .040
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TABLE. 12
SUBJECT DATA FROM THE 4 0 0 0 -cps
1000-m sec EXPERE-IENTAL CONDITION
STIMULUS FREQUENCY -  4000 cps
REFERENCE DURATION -  500 msec
SUBJECTS
10-dB SL 50-dB SL
DL 
IN MSEC Û T /T
DL 
IN MSEC ^ t / t
1 40 .040 30 .030
2 15 .015 20 .020
3 10 .010 15 .015
4 35 .035 55 .055
5 10 .010 35 .035
6 35 .035 25 .025
7 45 .045 20 .020
3 35 .035 10 .010
9 55 .055 20 .020
10 45 ,045 35 .035
MEAN DLD 32 .5 .0325 26 .5 .0265
STANDARD
DEVIATION
15.67 .0157 12.92 .0129
RANGE 45 .045 45 .045
Appendix E 
A n a ly s is  o f  V ariance
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TABLE 13
SUÎ-ÎMARY OF THE ANALYSIS OF VARIANCE 
(NORMAL SUBJECTS VS. PATHOLOGICAL SUBJECTS) 
RANDOMIZED COMPLETE BLOCK DESIGN 
WITH TEN PAIRS OF REPLICATIONS
Source D egrees o f  
Freedom





R e p l ic a t io n s 9 1798.48 199.831 0 .7 6
Normal v s .  
P a th o lo g ic a l
1 114.795 114.795 0 .4 4
E rro r 9 2353.13 261.46
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TABLE 14
SÜMUARY OF THE ANALYSIS OF VARIANCE 
OF THE PRESENT STUDY 
(PATHOLOGICAL SUBJECTS)
Source o f  
V a r ia t io n
D egrees o f  
Freedom





S u b je c ts 9 2572 305.77 4 .0 5  **
Frequency 1 1 1 0.01
D ura tio n 2 7590 3795 50.20  **
I n t e n s i ty 1 279 279 3.69
F X D 2 85 42 .5 0 .5 6
F X I 1 125 125 1.65
D X I 2 13 6 .5 0 .0 8
F X D X I . 2 48 24 0 .3 2
E rro r 99 7483 75.59
•* S ig n i f i c a n t  a t  one p e r  c e n t  l e v e l  o f  co n fid en ce
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TABLE 15
SUMMARY OF THE ANALYSIS OF VARIANCE 
OF MILBURN'S STUDY 
(NORMAL SUBJECTS)
Source o f  
V a r ia t io n
D egrees o f  
Freedom





S u b je c ts 9 1395 155 2 .73  **
Frequency 1 21 21 0 .37
D ura tion 2 8248 4124 72.57 **
I n te n s i ty 1 467 467 8 .2 2  **
F X D 2 21 10.5 0 .19
F X I 1 1 1 0 .02
D X I 2 134 67 1.18
?  X Û X I 2 6 3 0 .05
E rro r 99 5626 56 .83
** S ig n i f i c a n t  a t  one p e r  c e n t l e v e l  o f  co n fidence
